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"The arts may be said to imitate nature, or to lielp, or to overcome 
and advance nature: nor are they therefore to be esteemed less noble 
because mora practicable, since our best and most divine knowledge 
is intended for action ( and those may justly be counted barren studies 
which do not cenduce to practice as their proper end." 

• - - Bishop WiuaNS. 
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CHAPTER L 
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in SUflbrdshire.— Antiquity of tbe Art in Uie East.— Porcelaia llrat 
brought to Rome. — Figures found witb I^gyptian Mommies.— Cbina- 
Wares brougbt by Portuguese TYaders.— Discovery b^ De Botticher in 
Saxony. — Manufictore attempted in Prance. — ^Investigations of Rm«> 
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Thb fiirmatioa of earthen veasels ttpaUe of cootainiiur floi^ 
substances is an art of the very hi^est antiqnity. Ci the 
rudest sta^ of society, the want of such vesBels woold c»ll 
forth the mventif e powers of mankind ; and, probaUy, tiie 
hard shells of some vegetable pioductioDs, sach as gourds and 
the larger descriptions of nuts, would be first adapted to tiie 
purpose. The pliant and in&aneiUe nature of the skins of 
animals taken in the chase woul£ at a very early period, point 
thmn out as convenient recipients far fluids ; but the prepenk 
tion of these, as well as the ftshioning and hollowing of 
wooden bowls, supposes a previous knowledge of some manual 
arts, and implies the possession of tools. After even these 
had been attained, and supposing that the existence of fire, 
and its use in preparing food, had become known, vesKb 
formed of wood, or of the hides of animals, would be of little 
use in rendering that knowled^ available. Some savage 
tribes thus circumstanced, have, mdeed, made wooden bonns 
su b servient to this purpose, by throwing into the fluids which 

B2 
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they contain, -stones previously heated in the fire. This man- 
ner of boiling water, and of cooking provisions, is, however, at 
best, but an inconvenient inrocess^ and would be immediately- 
abandoned upon the discovery that certain earthem substances 
were endowed sufficiently with the quality of resisting* the 
aqtioi^ of fijre. 

It must continue matter of doubt, whether the fashioning 
and hardening of clay was practised first by the brickmaker or 
by the potter. We know that bricks^ thoroughly burned, 
were used at the building of the tower of' Babel, ^00 years 
before the commencement of the Christian era, and 600 years 
mrior to the carrying away into captiyity of the Israelites. 
That the use.ijf bdcl^ for fhe purposes of building, must have 
become exceedingly common at this last-mentioned period, is 
evident, from the great numbers of the captive Jews who were 
compelled by their Egyptian .task-masters to prosecute the 
manu&cture. It appears that the bricks then made were not 
artificially bmned; the chopped straw which entered into 
their composition, and which served to hold the mass together, 
would, in such case, have been destroyed. Specimens of very 
ancient Egyptian bricks, which have been brought to this 
country, cohnrm the supposition that the heat of the sun was 
akme employed in baking them. 

Maiiy centuries later, the Romans conducted the manu&c- 
tare of bricks with a great degree of perfection. A compari- 
son bf very ancient Soman ruins, with buildings of modem 
elevation, will show at once how superior are me bricks em- 
^yed in the former, both as regards solidity and beauty. 
Specitnens of the potter's art, if even any such existed at an 
equally early period, could not be expected to continue in he" 
mg for so many a^es ; if, indeed, they had tnthstood the de- 
stroying hand of time, and descended to the present day, they 
would not faring with them any direct testimony of their date 
of production, and could throw little or no light upon the ques- 
tion of priority. It is certain, however, that, in very remote 
ages, the potter's art had attained to a considerable disgree of 
tisefblhes&L since the earliest authentic records allude to the 
potter's wneel as to an implement of then high antiquity. 

The same wants would arise in different portions of the 

flobe ; and in all cases, where similar means fer their grati- 
cation presented themselves, it is not surprising that these 
me^ns should be equally embraced by all. Accordingly, it 
has been found, in newly-discovered countries, and among 
people comparatively rude and unacquainted with most of the 
arts which conduce to human convenience, that the use of 
*?arthen vessels has been enjoyed for ages before the existence 
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of the people, was even surmised. Among other pirooft of 
this fact, it may be mentionedy that vases have bc^n found 
among the aboriginal Indians on the Mosquito shore, which, 
even by those people, were^ireserved as memorials of antiquity. 
There is no reason to doubt that these vessels were the man- 
ufacture of the country in which they were found, as thQ re- 
mains of ancient potteries have been discovered at a considera- 
ble distance up the Black River on that coast 

There would belittle advantage in entering upon an in- 
vestigation to determine the precise degree of antiquity of the 
potter's art, if even there existed any sufficient guides to direct 
us in the inquiry. It will be more profitable at once to fore- 
go all fimciful speculations, and to commence the relation of 
a few &ctB, and such only as bear the stamp of authenticity. 
The detail of these need not occupy much time or space, 
which ma^ be more advantageously devoted to descripticms of 
the art as it exists in the present day, than to the building up 
of theories, the truth of which oan never be demonstrated. 
' We learn, on the authority of Vitruvius, who wrote in the 
Augustan age, that the Romans then made their water-pipes 
of potter^s clay. This people, who introduced a knowledge of 
the useful arts practised by themselves wherever their con- 
quests were extended, established potteries in England, where, 
among other articles, similar water-pipes were made. Some 
of these, about a century ago, were dug up in Hyde Park. 
They were found to be two inches in thickness, and were 
firmlv jointed together with common mortar mixed with oiL 

It has been asserted that the ancient Britons were in the 
practice of making pottery before the invasion of this country 
by the Romans; and in support of this belief is brought the 
act, that urns of earthenware have been taken from barrows 
in different parts of the kingdom. On' the other hand, the 
ccmcurring testimony of various writers gives reason for sup- 
posing that our ancestors were in those days supplied with 
such articles, by the Venetians. Vestiges of considerable Ro- 
man potteries are discernible in many parts of the island, and 
particularly in Staffordshire, on the site of the great potteries 
which have so long been carried on in that county. In sink- 
ing pits for various purposes, remains of Roman potteries have 
occasionally been discovered there at a considerable depth 
below the surface. 

Governor Pownall relates, that m his time (1778) the men 
employed in fishing at the back of the Margate Sands, in the 
Queen's Channel, frequently drew up in their nets some 
coarse and rudely -formed earthen vessels, and that it was 
common to-find such pans in the cottages of these fishermen. 
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It wi« for 80010 time beUeved* that a Boman trading venaU 
firei^ted with pottery, had been wrecked here; but on more 
pasttcolarly ezaminingthe spot, called by the fidiermen Pud- 
ding-pan Band, some Koman bricki were ako diacovered, - ce- 
mented together, ao as to prove that they had finrmed part of 
aome baU£ng. Farther researches showed that, in Ptd^ny'a 
aecQiid bookof Geo^phy,an ishnd was designated as existing 
in the immediate vicinity. Such pans as were recovered in a 
sound state were of coarse materials and rude workmanship— 
many having very neatly impressed upon them the name oi At- 
tilianus; birt fira^ents of a finer and more firagfle descriptioii 
of pottery were likewise brought to the sur&ce ; and little doubt 
remains thal^ during the time of the Roman ascendency ia 
^gii ^iB J^ a pottery was estaUished here upon an island wblch 
has long since dinppeared, and that the person whose name 
has been thus angularly preserved was engaged in itamao* 
agement 

The high antiquity of the art in China, and the profioiene^ 
whidi had been acquired iii its pursuit, several centuriee he- 
fine the produce of their manuntctories &utid its wa^ to Eih 
rope, will be ahown in a fixture chapter. PcnrceUin of superior 
quality was likewise made in Japan at an equally early period ; 
and we leam from Propertius, tnat at a very remote date, the 
art was commonly practised in Persia, the vessels manuftxi- 
tured there joining to all the excellencies possessed by the 
porceliun of Clmu^ the quality of resisting the actixm of fire 
to a degree which fitted them ^ being used in the prepara- 
tioQ of food. 

Most authors who have noticed in any way the state of 
commerce among the ancients, have referred to the Va9a 
MurrMna particularly described by Pliny,* and mentioned by . 
various Greek and Roman authors. The ^neral opinion was 
lonji^ in fiivOT of these vases having been tqe true porcelain of 
Chma. This opinion has, however, been examined with con- 
siderable industry and erudition by M. Pabbe le Bland and M. 
Larcher, in two dissertations,! whereby it is rosdered evident 
tlmt the Vasa Murrhina were formed out of a transparent stone 
dug fiom the earth in some of the eastern provinces of Asia.| 
There is abundant Evidence to show that Oriental porcelain 
was not uncommon in Europe during the first century. The 
pieces of this manu&cture which, according to Plin^, were 
first seen in Rome, were brought there finom Pontus m Ana, 
by the army of Pbmpey, 64 years before Christ 

* Nat. Hitt. lib. xxtU. t MAni. de Litterat. tome xliii. 

I RobertaoaHi Disqoii. coueemiiig India, Kooad edit. p. 387. 
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Little figures covered with a fine deep-blue glaze, which 
are found deposited with Egyptian mummies, cause it to ap- 

nthat pcMt^elain was made in Egypt in very ancient times, 
a curious fact, that the coloring matter wherewith these 
figures are ornamented, and which has been subjected to va- 
rious chemical tests, afi^rds every indication of its being oxide 
of cobalt, the identical substance employed for the seme pur- 
pose by the European porcelain manufacturers of our day, but 
the use of which was unknown to us until a comparatively 
recent period. The ore of cobalt was formerly thrown aside 
by the miners of Saxony as useless, or was employed only in 
mending road&* 

The Portuguese traders were the means of introducing the 
fine earthenwares of China into more general use in Europe; 
and the name assigned to the fabric, as distinguishing it firom 
the coarser descriptions of pottery of domestic manufacture, 
was most probably given by them — -porcellana signifying, in 
the Portuguese language, a cup. It has been attempted to prove 
a different origin for the name — attributing this to the resem- 
blance which the glazing or varnish, and probably the colors, 
c^ porcelain bear to the shells used in some parts of the East 
instead of money (couries), and which, from the similarity of 
their shape to that of the back of a little pig, were also called 
porceUa, 

The possession of porcelain vessels afforded but little iiisight 
into the nature of their composition or the mode of their man- 
ufacture, as to which many unfounded theories were firom 
time to time proposed. It was long believed, on the authority 
of Cardan and the elder Scaliger — ^who, although violently 
opposed to each other on various and more important subjects, 
yet agreed in this — ^that porcelain was made from a mixture of 

* " About the end of the fifteenth century, cobalt appears to have^been 
dug up in ^eat quantity, in the mines on the borders or Saxony and Bohe- 
mia. As it was not known at first to what purpose it could be allied, it 
was thrown aside as a useless mineral. The miners had an aversion to it, 
not (Hily because it gave them teuch fruitless labor, but because it often 
proved prejudicial lo their health, by the arsenical particles with which it 
was combined ; and it appears even that the mineralogical name cobalt then 
first took its rise. Frisch derives it from the Bohemian word Aoto, which 
tignifies metal ; but the conjecture that it was formed from cobalua, which 
was the name of a spirit that, according to the superstitious notions of 
the times, haunted mines, destroyed the labors of the miners, and often 
gave them a great deal of unnecessary trouble, is more probable. The 
miners perhaps gave this name to the mineral out of joke, because it 
thwarted them as much as the supposed spirit, by exciting false hopes and 
rendering their labor often ft-uitless. It was once customary to introduce 
into the church service a prayer, that God would preserve miners and their 
works {torn Kobolts and spirits."— ^MAmasn, Hist of (ntentioHo, vol. ii. 
pp. 341, 349. 
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broken egg and sea shells, which were preparatively buried in 
the earth &r nearly a hundred years. 

It was not until the beginning of the 18th century that any 
light was thrown upon tiie subject At that time, the Jesuit, 
Francis Xavier d'J^trecoUes, who was residing as a missionary 
in China, ccmtrived to elude the jealous vigilance so generally 
practised towards strangers in mat count^; and not (mlj ob- 
tained specimens of the earths used in the composition <^ their 
porcekiB, but also acquired some knowledge of the processes 
employed in the manuracture at King-de-ching. A very cir- 
cumstantial letter was written by the learned father aa the 
subject, and published by Groeier in his general descriptioD of 
Chma : but owinff to a want of ivacti(»l knowledge on the 
part of JD'Entrecdles, his descriptions proved so defective in 
many particulars, as to afiS)rd little or no assistance ; besides 
which, it was not until some time after the publication of his 
letter that any substances similar to the earUis transmitted by 
him could be discovered in France. 

About the same time, and while the acquisition of these 
Chinese specimens was exciting the celebrated Reaumur to 
their examination, and to the institution of a series of experi- 
ments wbich will be hereafter mentioned^ an incidental dis- 
covery made by the baron de Botticher, a German alchemist, 
occasioned the establishment of the porcelain manu&ctnre in 
Saxony. While prosecuting his vain experiments in search 
of the dliilosq^er's stone, this man prepared some crucibles, 
which he observed were caused by the action of heat to assume 
all the characteristics of Oriental porcelain. Blinded by the 
avarice which prompted their visionary labors, the adepts of 
that day seem ^nerally to have turned away from the im- 
portant discoveries that courted their notice, add which were 
thus reserved to reward the patient investigations of nxMre {^i- 
losophic minds in latter time& From this reproach De Botti- 
cher is free. The impc^tance of the real discovery thus made 
was sufficiently apparent, and he had the wisdom to abandon 
immediately his rormer pursuit, and to give up the energies 
of his mind to the establishment of a manu&cture, which was, 
in the end, productive of mcMre beneficial results to himself and 
to his country, than if he had indeed been successful in his 
alchemical labcns. The world at large did not immediately 
reap the fiill benefit of this discovery, as, with a jealousy but 
too common, the processes used in the Dresd^i works were 
veiled in impenetn&le secrecy. Up to the period of De Bot- 
ticher's death, in 1713, only white porcekin was made in 
Saxony ; yet the success with ^hich this manufacture was 
accompanied, occasioned attempts at imitation in France ; and 
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porcelain works were established at St Cloud, and in the 
Fauxbourg St Antoine at Paris — ^the &brics produced in which, 
although of beautiful external appearance, were wanting in 
most of the qualities essential to good porcelain. 

The investigations of Reaumur, already alluded to, were 
undertaken with more rational views, and prosecuted with a 
more liberal feeling. The result of his researched was com- 
municated by him to the Academy of Sciences, and published 
by that bodv in 1727 and 1729L Ehiving procured specimens of 
Oriental, aaxon, and French porcelains, and broken them, he 
proceeded to examine their internal structure. The grain in 
boHh the Chinese and Saxon pieces appeared compact, smooth, 
and iduiling ; while that of the French ware was less close and 
fine, without lustre, and its grain resembled sugar. He next 
proceeded to ascertain their habitudes on exposure to great 
neat in a crucible, and reported, that all the European speci- 
mens were melted, while that of China remained unaltered. 
This most essential difference led Reaumur to discover tiie 
true nature of porcelain, which is a semi-vitrified compound, 
in which one portion remains infusible at the greatest heat to 
which it can be exposed, while the other portion vitrifies at 
that heat, and enveloping the infusible part, produces that 
smooth, compact, and shiiung textni;e, as well as transparency, 
which are distinctive of true porcelain. Macquer, in his 
Chemical Dictionary, asserts, that Reaumur was wrong in classr 
ing the Saxon manufiictmre with the other fusible pcnrcelains 
c^ European' production ; since the materials of which it is 
composed have always been similar to those of which the China 
ware is made, one portion being absolutely infusible during the 
baking. 

In his examination of the two porcelain earths received 
from China, which are called in that country pe-tun-tse and 
kao-lin, Reaumur made a small cake of each substance, sepa- 
rately, and exposed both to the heat of a porcelain furnace. 
One, the pe-tun-tse, was fused by this means, without any ad- 
dition ; while the other, kao-lin, gave no sign of fusicm. He 
next intimately compounded the two earths, and found, when 
the mixture was baked, that it had acquired all the qualities 
of the finest Chinese ware. 

. All that was then wanting for the peifect imitation of this 
admired production was the discovery of materials analogous 
to the specimen furnished by D*Entrecollea The search for 
these was very speedily successful ; and the manufEUsture of 
porcelain having, from this time, been taken under the royal 
patronage in France, the works of Sevres produced specimens 
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of art which vie^ successfully with those of Dresden and 
China. 

Mr. Jonas Hanway, in the account of his travels publi^ed 
in 1753, has given a detailed account of the immense collec- 
tion of porcelain deposited in the Chinese palace a^ Dresden. 

" TJie vaults of this palace," says Mr. Hanway, " consist of 
fourteen apartments filled with Chinese and Dresden porce- 
lain. One would imagine there was sufficient to stock a whole 
country ; and yet they say, with an air of importance, that a 
hundred thousand pieces more are wanted to complete the in- 
tention of furnishing this single palace. 

** Here are a great number of porcelain figures of wolves, 
bears, leopards, &c. — some of them as biff as the life— a pro- 
digious variety of birds, and a curious cculection of dififerent 
flowers. A clock is preparing for the gallery, whose bells are 
to be also of porcelain : I heard one of them proved, and think 
they are sufficient to form any music ; but the hammers must 
be of wood. 

^ Here are forty-ei^t large China vases, which appear to 
be of no use, nor any way extraordinary, except for their great 
size ; and yet his Polish majesty purchased them of the late 
king of Prussia at the price of a whole regiment of dragoons." 

One part of this collection must have been peculiarly in- 
teresting, as it exhibited, in an orderly arrangement, specimens 
of Dresden manufacture laid up by this king of Poland, from 
the first efiR>rts of De Botticher, through every subsequent 
gradation; *'an idea," sajns Mr. Parke, "truly philosophical, 
and which reflects more honor on his memory than the barter- 
ing away the liberties of his subjects for pieces of foreign 
porcelain." 

Frederick the Great, when he conquered Saxony, forcibly 
carried away several of the best workmen from the manu&c- 
tory at Meissen, near Dresden, and conveyed them to Berlin, 
where, since that time, a considerable quantity of very good 
porcelain has been made for the private a!dvantage of the mon- 
arch. As many as 500 men are constantly employed in this 
establishment ; but although much of their material is drawn 
from Saxony, the Prussian porcelain has never equalled in 
quality that of Dresden. 

It is generally believed, that since the tune when they were 
first established by the Romans, potteries have always existed 
in Staflbrdshire, but it is certain that until the beginning of 
the eighteenth century the manufacture was confined to a 
ffew objects of the commonest and coarsest description. 

The district in this county wherein the great bulk of Eng- 
lisJi manufactured earthenware is produced, is situated about 



CHAV. I. JIISTOKICAL NOTICES. 25 

a mile from the borders of Cheshire. The potteries commence 
at a village called Golden Hill, and extend for a distance of 
more than seven miles, passing through other towns and vil- 
lages to Lane End. The names of the places comprised in 
this district, intermediate between the two already mentioned, 
fure Newfield, Smithfield, Tunstall, Longport, Burslem, Co- 
bridge, Etruria, Hanley, Shelton, Stoke, Low4r I^ane, and 
Lower Delf. All these have formerly been sufficiently dis- 
tinct from each other; but the increase of the staple manufac- 
ture of the district has called for the erection of so many nev/ 
potteries and dwelling-houses, that their individuality has been 
lost, and to a stranger the whole presents very much the ap- 
pearance of one large town. In every part of the kingdom, 
except the district itself, the whole are ranked under one 
general name — ^that of the Potteries. Etruria is the creation 
of the celebrated Josiah Wedgw^ood, by whom the place was 
thus named after one of the ancient Italian states, celebrated 
for the tasteful forms it gave to its pottery, specimens of which 
have materially promoted the improvement of our modem 
English wares. 

in the year 1686, when Dr. Plot published a Natural His- 
tory of Staffordshire, its traffic in earthenware was very unim- 
portant — ^being carried on only by the workmen themselves, 
or by pedlars, who conveyed the pieces in baskets on their 
Himcks through the adjoining counties. About the time just 
mentioned (1690), two brothers, named Elers, came from Nu- 
reml)erg, in Holland, and settled at Brad well, where they 
' made an improved kind of red w^are, and introduced the art 
of glazing the vessels by throwing common salt into the oven 
at a certain period of the baking.* Every precaution was 
used by tlie brothers to keep their processes secret ; and it in 
probable that this circumstance, joined to the success of the 
strangers, excited the enmity ind jealousy of their neighbors 
to tlie degree which obliged them to leave the country. The 
pretext assigned for this persecution was the alarm occasioned 
by the fumes from their kilns during the time of glazing. These 
fears subsided, however, when the process was continue.l by 
their successor. This man, whose name was Astbury, had, it 
is said, become master of theip-secrets by a singular stratagem. 
Feigning to be of weak intellect, and assuming an appropriate 
vacuity of countenance, he obtained employment in the Brad- 
weli works, and submitted to all the drudgery and contumely 
which were drawn upon him by his supposed imbecility. By 

* Th° salt is decomposed by this meJins; and. ripin? in fumes, the alkali 
wjiicli it contains conibineg with the silica of the ware, and forms a true 
g\HSi( which covers the entire surface. 

c 
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this course of proceeding, he was enabled, unsuspected, to 
acquire a knowledge of all that was done in the manufactory, 
and to make modek for his own use of all tlic utensils. 

The advantages of this method of glazing with salt were so 
apparent, that in a short time it was very generally adopted ; 
and on Saturday, the day appropriated to this process, the 
thick fumes fix)m nearly sixty potteries filled the towns to a 
degree which darkened the atmosphere, and covered the hills 
of the surrounding district.* 

To Astbury is generally ascribed the introduction of white 
stone-ware, by the adoption of calcined flints in its composition. 
Tiia popular version of the origin of this improvement states, 
that " while travelling to London on horseback, in the year 
1720, Astbury had occasion, at Dunstable, to seek a remedy 
for a disorder in his horse's eyes ; when tlie ostler at the inn, 
by burning a flint, reduced it to a fine powder, which he blew 
into them. The potter, observing the beautiful white color 
of the flint after calcination, instantly conceived the use to 
which it mi^ht be applied in his art"t 

The merit of this man has been somewhat overlooked, 
while contemplating the greater claims to admiration possessed 
by his mpre philosophic successor in the course of improvement. 
That could have been no common mind, however, which led 
Astbury to the long-continued pursuit of his object, by means 
so humiliating ; and which also enabled him, on the occasion 
just related, to seize upon a fiict thus accidentally presented, 
and which, although of high importance to his art, might have 
uassed unheeded before the eyes of many a common-place 
manufacturer. 

The step thus made was of consequence in preparing the 
way for the fUr greater advances towards perfection, after- 
wards accomplished by Mr. Joeiah Wedgwood. This extra- 
ordinary man owed none of Ms success to fortuitous circum- 
stances. Devoting his mind to patient investigations, and 
sparing neither pains nor expense in accomplishing his aims, 
he gathered round him talented artists firom difierent countries, 
and drew upon the stores of science for aid in pursuing the ob- 
jects of his pi'aisewortlw ambition. The early and signal 
prosperity whereby his efforts were attended, served only as a 
motive urging him forward to new exertions, and as the means 
for calling forth and encouraging talents in others, in a manner 
calculated to promote the welfare of his country. Previously 
to his time, the potteries of Staftbrdshire produced only inferior 
fhbrios, flimsy as to their materials, and void of taste in their 

♦ Parke, Chem. Cat. p. 1?5. f Parke, Cliem. Cat. p. 1^, 
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forms and ornaments — ^the best among them being only 
wretched imitations of the grotesque and nnmeaning scenes 
and figures portrayed on the porcelain of China. But such 
have been the e^cts resulting from the exertions and exam- 
ple of this one manufiu;turer, that the wares of that district 
are now not only brought into general use in this country, to 
the exclusion of all foreign goods, which had before been 
largely imported, but Engl&h pottery has smce been sought 
for and celebrated throughout the civilized world, and adopted 
even in places where the art was previously proBecuted. An 
intelligent foreigner, M. Faujas de Saint Fond, writing on this 
subject, says, *' its excellent workmanship, its solidity, the ad- 
vantage which it possesses of sustaining the action of fire, its 
fine glaze impenetrable to acids, the beauty and convenience 
of its form, and the cheapness of its price, Jkve given rise to 
a commerce so active and so univeinl, that in travelling from 
Paris to Petersburgh, from Amsterdam to the further part of 
Sweden, and from Dunkirk to the extremity of the sooth of 
France, one is served at every inn upon English ware. 
Spain, Portugal, and Italy, are supi^ied with it ; and vesnels 
are loaded with it for the East Indies, the West Indies, and 
the continent of America."* 

It is not among the least of Mr. Wedgwood's merits, that 
he overcame the disadvantages of a defective education ; and, 
amid the calls of an incessantly active hfe, found time wherein 
to school his mind in all the discipline necessary for investiga^ 
lions purely scientific. The ample fortune which he acquired 
was ever ready for promoting the ^read of knowledge, en- 
couraging the efforts of genius, and lessening, as &r as possi- 
ble, the suflferings of his feUow-creatures. His charities, pulK 
lie and privatej and especially in his own district, were ex- 
emplary and consistent He gave iifo to many objects of 
public utihty. The Trent and Mersey canal was undertaken 
and accomplished through his influence ; and by the benefits 
it has produced to the district, and to its proprietors, has fully 
approved his wisdom in its promotion. 

The principal inventions of Mr. Wedgwood were— 1. His 
table ware ; the merits of which are, that it has a dense and 
durable body, and is covered with a brilliant glaze, capable of 
bearing uninjured sudden and great vicissitudes of heat and 
cold. This ware, as it was capable of being manufactured 
with ease and expedition, could be sold at a cheap rate, and 
would still yield a handsome profit to the inventor. Its va- 
rious qualities, so superior to any possessed by previous manu- 

« 

* Travels in England and Scotland (English translation,) vol. i. p. 97- 
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factures of either domestic or foreign production, caused this 
ware to be taken into immediate and universal fevor with the 
public. Among others, the queen bestowed upon it the tribute 
of her admiration and patronage ; conmianded it to be called 
qweerCs ware — a name which it continues to bear to the pres- 
ent day ; and honored Mr. Wedgwood by appointing him her 
majesty's potter. 

2. A terra cotta, which could be made to resemble por- 
phyry, granite, Egyptian pebble, and other beautiful stones of 
the silicious or chrystalline order. 

3. Basaltes, or black ware. This was a black porcelainous 
biscuit, having nearly the same properties with the natural 
stone. It would emit sparks when struck with steel; was 
capable of taking a high polish ; resisted acids ; and would 
bear, without injury, a stronger degree of heat than even the 
natural basaltes. 

4. White porcelain biscuit. This ware had a smooth, wax- 
like appearance, and was possessed of all the properties ex- 
hibited by the preceding invention, differing from it only in 
regard to its color. 

5. Bamboo^ or cane-colored porcelain biscuit, of the same 
nature as the preceding. 

6. Jasper, This was also a white porcelainous biscuit, of 
exquisite delicacy and beauty, having in general all the prop- 
erties of the basaltes, with this in addition, — that it would re- 
ceive through its whole substance, from the admixture of 
metallic oxides, the same colors as those oxides communi- 
cate to glass or enamel in fusion. This peculiar property, 
which it shares with no other porcelain or earthenware body 
of either ancient or modem composition, renders it applicable 
in a very pleasing manner to the production of cameos, por- 
traits, and all subjects that require to be shown in bas-relief; 
since the ground can be made of any color that may be pre- 
ferred ; while tlie raised figures are of the purest white. 

7. A porcelain biscuit, possessing several properties that 
render it invaluable to the chemist, and which have occasioned 
this invention to be brought into general use in all laboratories. 
The ware is exceedingly hard, being little inferior in this re- 
pect to agate, whence it is peculiarly adapted for forminsf 
mortar& It resists the action of the strongest acids and of all 
corrosive substances, and has the further quality of being per- 
fectly impenetrable by any known liquid. 

The investigations of Reaumur, already detailed, make it 
evident that the characteristics of porcelain, as far as they de- 
pend upon semi- vitrification, may be obtained when ingre- 
dients wholly fusible are employed, provided the firo be CQrc« 
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fully withdrawn from the oven at the precise moment when 
vitrification has arrived at, and not jiroceeded beyond, a certain 
point. Accordingly, this porcelain was, at one tune, very com- 
monly produced both in this and other countries. The quality 
of goods thus composed is always inferior to that of true porce- 
lain ; and, if further or again exposed to the heat of the fur- 
nace, the substance would entirely change its nature, and run 
into a vitreous and shapeless mass. 

Porcelain of this description, much esteemed for its beauty, 
was long manufactured at Bow and at Chelsea. It was not 
until the year 1768, that Mr. Cookworthy discovered certain 
mineral substances in Cornwall similar in their properties to 
the porcelain earths of China ; and having secured to himself, 
by patent, the exclusive right of using those materials, was the 
first i)erson who made true porcelain in England. 

In practising this art, Mr. Cookworthy, and those to whom 
he afterwards assigned his patent right, attained to considerable 
success as regard^ the quality of their manufactures, although 
the demand for their goods did not prove proportionate to the 
money expended in bringing the processes to perfection. One 
probable cause for the inadequacy of their remuneration, ex- 
isted in the successful eflforts of Mr. Wedgwood, which have 
been already detailed, for improving the quality of common 
earthenwares made in Staflfordshire, whereby foreign porcelain 
was rendered less an object of desire, and consequently its suc- 
cessful imitation was no longer considered as being of any 
great importance. 

The extent to which, in the year 1785, this manufacture had 
arrived, and its importance to the three great interests of the 
country — ^landed, maritime, and commercial — ^may be collected 
from the evidence then given by Mr. Wedgwood before a com- 
mittee of the privy-council, and at the bars of the two houses 
of parliament The question at that time under the consid)era- 
tion of the legislature, and upon which these examinations 
were taken, arose out of the proposal of government to abolish 
the system of commercial restrictions and disabilities tnen ex- 
isting between Great Britain and Ireland, and to render the 
intercourse between the two divisions of the empire nearly as 
free and unrestricted as that between the counties of Durham 
and Northumberland; a proposition so perfectly natural and 
reasonable in itself, that, but for the possession of Records 
wherein they have been preserved, we might really be at a 
loss to conjecture the nature of the arguments whereby it was 
opposed and defeated. 

In the course of the discussions to which this subject gave 
rise in the house of lords, the marquess of Lansdowne, remark- 

C2 
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ing upon ths evidence given by the respectable merchants and 
manufacturers at the bai of the house, declared that the result 
to which he in his own mind had arrived was the very opposite 
to the conviction which they had adopted. " Though much 
valuable information may," said his lordship, " doubtless, be de- 
rived from their evidence, it must not be forgotten that they are 
mea peculiarly subject to prejudice and error, in all cases 
where their personal interests are concerned. Were any one, 
tor instance, to ask a manufacturer of Halifax, what is the 
greatest crime upon earth 1 Is it felony, is it murder, is it par- 
ricide 1 No ! he would answer ; it is none of these — it is the 
exporting of wool." 

In later times, we have seen this measure of justice and 
sound policy more successfully brought forward ; and it is ac- 
knowledged that each country has since been reaping benefits 
in consequence, upon the inevitable arrival of which nothing 
but the strongest commercial prejudices and national jealousy 
could have thrown even a momentary doubt. 

Mr. Wedgwood, in the course of the evidence already al- 
luded to, thus remarks: — "Though the manufacturing jpart 
alone in the Potteries, and their immediate vibinity, gives bread 
to 15 or 20,000 people, yet this is but a small object when com- 
pared with the many others which depend on it ; namely, 1st, 
The immense quantity of inland carriage it creates throughout 
the kingdom, both for its raw materials and finislied goods. 
2d, The great number of people employed in the extensive 
collieries for its use. 3d, The still greater number employed 
in raising and preparing its raw materials in several distant 
parts of England, from near the Land's End, in Cornwall — one 
way along different parts of the coast, to Falmouth, Teignmouth, 
Exeter, Pool, Gravesend, and the Norfolk coast ; 3ie other 
way to Biddeford, Wales, and the Irish coast 4th, The coast- 
ing vessels, which, after having been employed at the proper 
season in the Newfoundland fishery, carry these materials 
coastwise to Liverpool and Hull, to tJie amount of more than 
20,000 tons yearly ; and at times when, without this employ- 
ment, tliey would be laid up idle in harbor. 5th, The fiirther 
conveyance of these materials from those ports, by river and 
canal navigation, to the Potteries, situated in one of the most 
inland parts of this kingdom ; and, 6th, The reconveyance of 
the finished goods to the different parts of this island, where 
they are shipped for every foreign market that is open to the 
earthenwares of England." 

Mr. Wedgwood very justly observed fiulJier, that this manu- 
facture is attended with some circumstances of advantage 
which are almost peculiar to itself; viz. that the value of the 
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finished goods consists almost wholly in tlie labor bestowed 
upon them ; that every ton of raw materials produces several 
tons of merchandise for shipping, the freight being paid, not 
upon the weight, but according to the bulk ; that scarcely a 
vessel leaves any of our ports whose lading is not in part made 
up of these cheap, bulky, and, for these reasons, valuable articles, 
to this maritime country ; and that fully five parts in six of the 
aggregate manufactures of the Potteries are exported to foreign ^ 
markets. 

Important as were the advances which at that time had been 
made in the art, Mr. Wedgwood was still of opinion that tliey 
could be considered but as the beginning of improvements, — 
that these were still but in their infancy, and but of little mo- 
ment when compared with those to which the art^as capable 
of attaining, through the continued industry and growing in- 
telligence of the manufiicturers, in combination witJi and fostered 

by the natural fiicilities and political advantages enjoyed by the 
country ; an opinion fiilly borne out by the event, and which 
our progressive experience shows to have been founded on clear 
and accurate perceptions. 

The manu^cture of earthenwares in England is far from 
being restricted to the district in Stafibrd shire which has been 
described already as having acquired the name of " the Pot- 
teries." Establishments for making the commoner kinds of 
wares are to be found in many and various parts of the king- 
dom ; at Lambeth, especially, several manufactories of stone * 
pottery have been carried on for considerably more than a cen- 
tury, producing articles which have never been surpassed in 
any country, either for the excellence of their materials and 
workmanship, or for the magnitude of the vessels and the va- 
riety of uses to which they are adapted. The Jjambeth ware 
may, in fact, be pronounced perfect of its kind. 

Porcelain has long been made at Derby, and at Coalport, 
near Colebrook Dale, in Shropshire. Estayishments have sub- 
sequently risen in the city of Worcester, wherein very beauti- 
ful specimens are produced ; and yet more recently, the 
manufacture of excellent porcelain has been engrafted upon a 
long-established pottery for commoner wares, situated at Swin- 
ton, near Rotherham, in Yorkshire. At the Rockingham 
works, which have been so named in compliment to their early 
patron, the celebrated marquess of Rockingham, porcelain is 
now produced which vies successfully in every kind of excel- 
lence with that of older English establishments. Among many 
other specimens which attest the proficiency of the Yorkshire 
manu&cturers, two may be more particularly mentioned, wh^ch 
are deservmg of more than common attention as denotiii*T thr^. 
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degree of advancement to which the art has reached in 
England. 

One of these pieces is a copy in enamel colors, made on a 
porcelain tablet, from an original painting by Vandyke, and 
now in the possession of the noble inhabitant of Wentworth 
Castle. The subject of the picture is, " The earl of Strafford 
occupied in dictatm^ his defence to his secretary." The exe- 
cution of this copy does justice to the masterly original ; and, 
in regard to expression and coloring, has been pronounced equal 
to the most admired productions of the Sevres works. The 
other specimen is remarkable not only for elegance of design, 
and the goodness of the workmanship, but also because it is 
believed to be the largest piece of porcelain that has hitherto 
been made in this country. It is a scent-jar, forty-four inches 
high, made and fired in one entire piece. The base, or plinth, 
is triangular, having a circular projection at each angle ; from 
these rise lions' paws, upon which the globular body of the jar 
is supported. The scent is allowed to escape through hexag- 
onal openings in the neck. The jar is divided into three com- 
partments, by as many rustic handles of knotted oak ; while 
branches of the same tree, with their rich foliage rising from 
the plinth, are spread tastefully over the lions' paws, and thence 
entwining with the handles, rise and encircle the base of the 
neck. The ornaments of the cover are in keeping with those 
of the jar, it being covered with branches and foliage of the 
oak : the whole is surmounted by the figure of a rhinoceros. 
The three compartments into which the jar is divided are en- 
riched with highly finished paintings in enamel colors, executed 
by one of the proprietors of the works, from designs by Stothard, 
the subjects of which are drawn from the admirable romance 
of Cervantes. The circular projections at the base, and the 
cover, are adorned with paintings from nature, of six subjects 
of rare botanical plants, the originals of which are in the con- 
servatories of Wentworth Castle. The whole is relieved and 
enlivened by ornamental work, in bumisl^ed and chased gold ; 
and the work, both in its design and execution, is highly honor- 
able to the artists. 

Up to a comparatively recent period, the manufacture of 
earthenwares formed one of the very few branches of domestic 
industry which were left free from the evil effects of direct 
taxation, and, except in one branch, of very minor importance, 
the art is still in the enjoyment of this immunity ; to which fa- 
vorable circumstance may be imputed much of the signal and 
imiform success whereby it has been attended. In the year 
1812, when the duty upon glass bottles was doubled, the manu- 
ficturers of these represented to the chancellor of the ex- 
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chequer, tla: i Ta'^^g« i luanmfrTainc" ini "^^^ ir-raa Lu^n.. lubs 
bottles. *4he aiser. 'sfzim^ -soolj mcnrtieu!^ T-.-mic miiEiFz-t: ;n 
UD&ir ad^sixizjie. uc ziiaiE ae aim -ir tccss liar Tioiii :iTr-* 
glass bottles od ct che- Tji* xaa i lims if irrinit-ir -a jo 
wise unpokiabtie z;j tie zuman?. via ^p^i'.W Miijinr ic 1» 
saggestioo cf a nev ccree: dur Tnanrn : ixu i. oiiy if ive 
shOliiigs QQ each haiximrvs^ht 77a;3 innneiJiiidiT jnpoaeA inrm 
all stone bot&s tie ccEtsic cc viica jocuiiii be Tva luorra iiui 
nnder. 

The levying' of tha dctr f^T^a dbr me aCiexufance of r?:eniiii 
officers at all btrnzs on the uremiges of everr £i:iie7are oianix- 
fiurtorer tfaroogtMiiit the idngdom ; zini :z s very aiiii!h. 10 la 
doobted whether, m any one vear smce in frsc isii;«:£itii:i:. tie 
expenses of collection hafe noC moce than aoEcrbed the wnnle 
amount paid Inc the potteis. The tool ciantity cf stcD#7ar» 
made which is char^eabie with the dutv ^es not exceed <9l30 
tons annually, and a large propartioQ of this Ls used &r purposes 
to which glass has ue¥er been applied. It is act very likely 
that stoneware, the utility of whic^ Sar many purposes is ex- 
ceedingly great, would erer have been brought into competi^ 
tion with a nGUerial so much lighter, and in many respects so 
much more convenient, even had the pottery continued firee 
from the domiciliary visits of the exciseman; and now that the 
experiment has been &irly tried during nearly tw«aty years, 
and has been found unproductive c^ any real revalue, there 
can be no sufficient reason for continuing the impost 
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OENERAIi DESCRIFTION OF INGREDIENTS USED IN THE MANU- 
FACTURE. 

Different branches of the act. — Ingredients used. — ^Properties of Alumina. — 
Its infusibility. — Contraction when exposed to heat. — ^Wedgwood's Pryom- 
^ter.— Ck)mposition of Grems. — Great abundance of Clay. — Properties of Si- 
Ijca. — Its great abundance. — Sea sand. — Incapable of artificial solution in 
water. — Dissolved naturally. — Springs at Carlsbad.-^Boiling fountain in 
Iceland. — Fusion of Silex. — Kinds of Clay used in Potteries. — Their vari- 
ous merits. — China clay of Cornwall. — ^Mode of its preparation. — Its anal- 
ysis.— Cornish Felspar. — Its fusibility.— Steatile.—Eartli of Baadisscro. — 
Its analysis;— Cornisli sopestone. — Spoma maris. — ^Its employment in por- 
celain works in Spain. 

The art of manufacturing pottery and porcelain naturally 
divides itself into four different and distinct branches : the first 
of these comprehends a knowledge of the nature and peculiar 
properties of the various materials, whereof the vessels are 
composed ; the second comprises the methods used in combuiing 
these materials, and in fashioning the vessels ; the third branch 
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includes the choice and management of the colors and enamels 
employed in painting and ornamenting the wares, together with 
the operations necessary for their conversion ; and the last di- 
vision embraces the means required for completing the manu- 
facture by the aid of fire. In describing, however, the different 
stages of the manufecture as they occur, the painting and baking 
processes must unavoidably be intermmgled. 

The chief ingredients employed in the composition of all kinds 
of pottery are clay and flint : these are both classed by chemists 
among the primitive earths. The first of them, in its state of 
purity, is denominated alumina, or oxide of aluminum ; and the 
latter is called silica^ or oxide of sDicium. It is only since the 
year 1754 that alumina has been acknowledged as a peculiar 
substance ; and the period is much more recent when the re- 
seardies of Davy proved it to belong to the Qlass of metallic 
oxides. 

It is of great importance to make choice of a suitable kind of 
clay for the manufacture ; but, according to the remark of the 
celebrated Vauquelin, it is much more important to combine 
this with a due proportion of flint, as good pottery differs from 
that which is inferior less in the original qucJity of its elements 
than in their proportions. 

Clay is an opaque and non-crystallized body, of dull fracture, 
soft enough in all states to take a mark from iron; when 
breathed on it exhales an odor which, from its peculiarity, takes 
its name from the material, and is termed argillaceous. This 
is owing to the oxide of iron which is mixed witli it, as clay^ 
when absolutely pure, does not emit any odor. Clay forms with 
water a plastic paste, having considerable tenacity, and which, 
by the action of heat, is brotight to a very great degree of hard- 
ness : it is compact, smooth, and almost unctuous to the touch, 
and when dry, may be easily polished by the finger. It is not 
soluble in water, but mixes readily witii it in all proportions, 
parting with difficulty from the last portion of that which it has 
absorbed : it will adhere to the tongue. The description of clay 
employed by potters is infusible in the heat of a porcelain fur- 
nace, where some kinds, owing to their being combined with 
oxide of iron, assume a red color, while others become of a pure 
white. The highest temperature to which clay can be exposed 
tends only to increase its density, hardening its substance and 
diminishing its volume. This diminution of volume produced 
by increased temperature is an apparent deviation from the 
general law of expansion by heat; but the deviation is only ap- 
parent, and is probably produced by the vaporization of liquid, 
combined with the clay. Mr. Wedgwood found that the dimi- 
nution of volume produced by exposing the clay to these ex- 
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tremQ temperatures, continued the same after the clay was suf- 
fered to cool, and therefore that its amount admitted of delib- 
erate and accurate measurement. He also supposed (though er- 
roneously) that the shrinkage of the clay was always propor- 
tional to the temperature to which it had been exposed. This 
led to his well-known invention of the pyrometer, an instru- 
ment for measuring .degrees of temperature beyond the range 
of the common thermometer. The instrument consisted of 
small cylinders, composed of two parts of the porcelain clay of 
Cornwall, and one part of pure alumina. These, when baked 
in a low red heat and then cooled, were constructed of such a 
size as just to enter between the wider extremities of two 
brass rods, fixed on a plate twenty-four inches long, half an 
inch asunder at one end, and three-tenths of an inch at the 
other. These rods were divided to tenths bf an inch, and con- 
sequently each division formed the 240th part of the whole 
length. The clay cylinders, being exposed to the heat which 
was required to be determined, were subsequently inserted be- 
tween these bars, and by reason of their contraction they ad- 
vanced between them to a point depending on the amount of 
their shrinkage. 

This p3nx)meter, however, has been found to be subject to a 
fatal defect The shrinkage of the clay does not depend on 
the temperature alone of uie fire to wluch it is exposed, but 
also on the length of time which the fire has acted upon it 
Thus a lesser degree of heat will produce the same shrinkage 
as a greater degree, provided the clay is exposed to the former 
for a longer portion of time." The instrument has been, conse- 
quently, long sjnce totally laid aside. 

Some of Sie most valued among the precious stones, such as 
rubies, sapphires, emeralds, jaspers, and others, are composed 
of either alumina or silica, or of the two earths in combination, 
together with different small portions of lime, or okide of iron, 
or magnesia, &c. The different kinds of clay are most abun- 
dantly spread over the globe, forming in many situations entire 
mountains, in other places existing in vast beds, and elsewhere 
lying among other mineral subs&nces disposed in strata. It 
has been generally held that clay results fi*om the slow decom- 
position or silicious and aluminous rocks, which being acted on 
by water filtrating through them, their constituent parts have, 
in the couree of ages, been separated ; the lighter and finer por- 
tions remaining united at the top, while the grosser but less 
tenacious parts have been resolved into sandy deposits. 

Silica, or pure flint, which forms the second material in the 
composition of pottery, has been considered as a primitive earth. 
It is of very common occurrence in most parts of the world, in 



^ IMtttCKLAIN AlAKUFACrCRK. CHAP. II. 

, primitive mountains. It is frequently founcl in great abundance 
embedded in chalk In Scotland and Ireland it occurs in second- 
ary limestone. Flint abounds in alluvial districts in the form 
of gravel : an inexhaustible supply of excellent quality might 
be collected on some parts of the sea-coast of England, and 
particularly at and near Brighton, where there is enough of 
this material, known under the name of shingle, to serve the 
whole manufiicturing wants of England for ages to come, while 
its removal would be attended with advantage to the place 
whence it should be taken. Flint is silica in a state nearly ap- 
proaching to purity, its constituents being 

Silica ..... 98. 

Lime 0.50 

Alumina .... 0.25 
' Oxide of iron . 0.25 

Loss 1. 



100. 



It is usually gray, with occasional striped delineations occur- 
ring in its sul&tance. It it obtained generally in rolled pieces, 
but often occurs in irregular shapea It has internally a glim- 
mering lustre ; its fracture is conchoidal, and its fragmerits^are 
sharp-edged. It is translucent When two pieces are rubbed 
together in the dark, they emit a phosphorescent light, and 
give off a peculiar smell. We are unable to dissolve silex in 
water. This process is, however, constantly performed by na- 
ture. The investigations of Klaprotli enabled him to detect 
25 grains of silex in 1000 ounces of the principal mineral 
spring at Carlsbad, in Bohemia; and the celebrated boiling 
fountain at Rykum, in Iceland, deposits so considerable a quan- 
tity of siiicious earth, that a solid cup has been formed around 
it, rising to a considerable height This solution of silica is 
probably owing, in both these cases, to the solvent power of soda ; 
which is also present in the water. The water from the spring 
at Rykum used formerly to be projected into the air to the per- 
pendicular height of 60 or 70 feet ; but the overthrow of a 
mass of rock having since partially covered its orifice, the 
stream spouts out laterally to a distance of 50 or 60 feet The 
heat of the liquid, after it has reached the surface, is sufficient 
to raise the thermometer to the boiling point of water; and 
there is little doubt that the fluid must have parted with some 
portion of its heat on emerging into the atmosphere. The ca- 
pability of water, in its dense or liquid state, to assume, under 
these circumstances, a higher degree of heat than that at which 
it boils under ordinary atmospheric pressure, may bo partly at- 
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tributable to the depth from which it is brought, influenced by 
the^ same law that occasions fluids to boil at lower temperatures 
on the tops of high mountains. Silica is also found existing in 
solution in the !Efeth waters. 

The best flints are of a dark gray color, approaching to black, 
and having a considerable degree of transparency. Those 
wliicli exhibit brown or yellow spots on their interior surges 
should be rejected, on account of the ferruginous particles 
which they contain, and which would occasion blemishes in the 
ware. Those larger masses of flint are always most preferred 
by the potter, which, being dark and clear within, are covered 
with a white crust externally* The rolled pieces which arc 
taken from chalk pits are mostly of this description. 

De Saussure asserts that pure silex may be fused at a heat 
equal to 4043 degrees of Wedgwood's pyrometer ; a degree so 
far beyond any that has yet been observed, that one is at a loes 
to know upon what data the assertion is founded. 

The clay principally used in the potteries of Stafllbrdshire is 
brought to them from Dorsetshire and Devonshire. These 
earths are both of excellent working quality, and, being free 
from any impregnation of iron, are valuable for the great white- 
ness which they exhibit when burnt The Dorsetshire clay is 
brought from the Isle of Purbeck. It is of two kinds, distinguish- 
ed as brown clay and blue clay : that from Devonshire comes 
from the southern part of the county, and is also of two distinct 
qualities, which are known as black clay and cracking clay. 
The clay from Dorsetshire is considered preferable to that from 
Devonshire for the potter's use ; so that it commands a price 
in the potteries equal to one eighth more than the latter. 

The good qualities of brown clay are, that it bums of an 
excellent white, and is not liable to crack during the process 
of burning. On the other hand, it is subject to the considera- 
ble imperfection of crazing,-^wa evil which induces some man- 
ufacturers to discard it altogether from their works. Crazing 
is a technical phrase, used to denote the cracking of the glaze, 
which is believed to arise from the imperfect manner in which 
this is capable of uniting itself with the clay composing the 
body of the vessel. This defect of crazing is not, however, al- 
ways referable to the cause here assigned, but may be owing 
equally to the faulty nature of the glaze, which may not be ca-. 
pable of perfect fusion in the heat of the kiln; or it may result 
from the error of the workmen in withdrawing the wares from 
the kiln at too early a period, and before they are properly 
cooled; the glaze, which is in fact glass, requiring great care- 
ful ncFS in this respect for its proper annealing, and being, with- 

D 
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out it, very liable to crack with every material variation of 
temperature to which it may be suddenly exposed. 

Blue clay combines the greatest number of good qualities, 
and is the most generally esteemed, of all the four descriptions 
here mentioned. It bums exceedingly white, forms a very solid 
quality of ware, and is capable of being advantageously com- 
bined with a greater quantity of silicious earth, or flint, tlian 
^ny of the other* kinds ; a quality which is desirable, because 
the greater the proportion of silica that is used, the whiter will 
prove the ware : the limit to the use of flint being the inabDity 
of the clay to bear it in combination beyond a certain propor- 
tion without cracking. Both these descriptions of cky are 
much used as ingredients in the manufacture of porcelain. 

Black clay owes its distinctive color to the quantity of coaly 
or bituminous matter which it holds in combination, but which 
is entirely consumed and dissipated when the clay is submitted 
to the heat of the oven, leaving the* articles of which it is com- 
posed of a yery good white ; and which is, indeed, found to be 
the more perfect in proportion as the clay has originally been 
blacker. Cracking clay has acquired its name from an evil 
property of occasioning the ware to crack while undergoing 
the first application of fire. To compensate in some degree for 
this evil, the goods in which it is employed prove of an ex- 
treme whiteness. Much judgment and experience must he 
brought to the employment of this clay, that its tendency to 
cracking may be as much as possible corrected by a propor- 
tionate admixture. If clay of any description were dried with- 
out the addition of any other body, afler being made sufficiently 
plastic to be modelled on the potter's wheel, it must inevitably 
crack, as the evaporation of its water will occasion it to shrink 
in the proportion of one part in twelve during the drying. 

Another description of clay, much prized for the manufacture 
of finer kinds of earthenware and porcelain, was found in Corn- 
wall by Mr. Cook worthy, as already mentioned, and is com- 
monly denominated China clay. This is very white and unc- 
tuous to the touch, and is obviously formed by the gradual dis- 
integration of the felspar of granite. There are found in Corn- 
wall large mountains of this mineral, some of which are thus 
partially decomposed ; this China clay proves, on examination, 
to be identical with the kao-lin of the Chinese. It was found 
by Mr. Gerhard in the course of some experiments upon granite 
(which is a compound of quartz, felspar, and mica,) that the 
felspar was meltoi into a transparent glass, that the micji was 
found lying under it in the form of a black slag, while the 
quartz remained unaltered. 

The China clay of Cornwall is prepared by the clay mer- 
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chants on the spot where it is found. The stone is broken up 
into pieces of a small size, and then cast into a running stream : 
there the light argillaceous parts are washed off and held sus- 
pended in the water, while the more ponderous mica and quartz 
remain at the bottom of the stream. At the end of Ihe rivulet 
the water is stopped by a dam, and the pure clay gradually sub- 
sides. When this deposit is completed, the cles^r water is drawn 
off, and the solid matter dug out in square blocks, which are 
placed on shelves, and exposed to a continued current of air 
until jBufficiently dry to be packed in casks for shipment. This 
clay, which is then in the state of a fine powder, is very 
smooth, and of an extreme whiteness. Mr. Wedgwood found 
by analysis that it contains sixty parts of alumina and twenty 
parts of silica. The manufecturers are required to pay a miich 
higher price for this than for any other of our native earths, 
but for some finer purposes it is altogether indispensable. 

A portion of undecomposed Cornish felspar is often added to 
the clay, on account of its fusibility and tenaciousnese, by which 
it binds, as it were, the whole ingredients more closely together. 
The fusible quality of felspar is owing to the presence of about 
an eighth part of potass. If this alkaline substance be sepa- 
rated by decomposition, as is the case with the China clay above 
described7the fusibility no longer exists, and the body remains 
unaltered in the greatest heat of a porcelain furnace. The use 
of this material has of late been very much increased in our 
porcelain works. It is a curious and very useful feet, that al- 
though neither clay, flint, nor lime can be separately melted, 
yet when mixed together in due proportions, the mass is fused 
without difiiculty, the one mineral acting as a flux to the other. 

Steatite, or soapstone, has of late years been very much em- 
ployed in the composition of porcelain. When present, in even 
a small proportion, it limits the contraction of the ware in the 
furnace. Steatite is a sub-species of mica, which is found 
abundantly in Cornwall, and is met with also m the island of 
Anglesea. The mineral which forms the porcelain earth of 
Baudissero, was long considered to be a superior kind of clay, 
until it was discovered by M. Geobert that it contains not a par- 
ticle of alumina in its composition. This chemist, on endeavor- 
hig^ to convert the substance into alum, found, to his great sur- 
prise, that he obtained only crystats of sulphate of magnesia 
(Epsom salts). Proceeding thence to analyze it carefully, he 
ascertained its composition to be, magnesia 68, carbonic acid 
12, silica 15*6, sulphate of lime 1*6, water 2*8. The soapstone 
of Cornwall diflfers from tliis substance, yielding on analysis, 
magnesia 44, silica 44, alumina 2, iron 7'3, magnesia 1*5, 
chrome 1*2. It also contains traces of lime and muriatic acid. 
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In a published letter addressed by M. Proust to M. Vauque- 
lin from Madrid, mention is made of a beautiful kind of porce- 
lain produced in that city, and which is described to be of a 
texture even harder than the porcelain of France. Instead of 
employing the kao-lin, tlie body of the ware is made with spu- 
ma maris, a species of pot-stone foiind in the neighborhood of 
Madrid, and the glaze is composed of felspar brought from Gal- 
licia. The pot-six)ne when taken from the quarry is sufficiently 
sofl to admit of its being cut with a knife like soap. Besides 
magnesia, silex, and some particles of argil and lime, it con- 
tains a portion of potass, tJie presence of which, in the comr 
petent opinion of M. Proust, contributes not a little to the su- 
perior quality of the manufacture. 
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In preparing the clay, the first operation of the pottery is 
that of mixing it with water to tlie consistence of cream. It 
is well known, that water collected from springs, and from 
many streams, contains various foreign matters, some of which 
would be injurious to the composition of porcelain. It is there- 
fore necessary to examine chemically the properties of water 
before it is employed for this purpose, in order to make choice 
of that which is purest ; and to correct, by some of the well- 
known means, any bad qualities that may be present The 
French manufacturers are accustomed to employ only rain 
water, whose near approach to purity fits it for tlie object In 
Germany, still more precise in his operations, the manufacturer 
prepares liis materials only twice in the year, at the vernal and 
autumnal equinoxes ; persuading himself that at these seasons 
there is some peculiarity in the rain which better qualifies it for 
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nicety are not apyHreu l. il wniic mxir of pnsaixniiiiu. lu a;- 
tribute the pncl3c& eoiirEjT tc- iireTudict. Tjk CMMrrvB-Uitt'^ o' 
men pr&cticaI}T esjgagei m -niamim cr cusmisaL, oirsbliuu-: itiiv* 
frequentlj led Id iiuynivem gntt jl yro uuawL . jai%' fisdoF'. U»< 
reasons vherBcm thEK fiUuuiL navt iiea. fuumitt i8iv» iiws n^ 
Tealed far aaeotific TBBSBECueE. 

The TTiiymg of Ihe ckv. i^iicn. it lathtsL ituafffu^ x e&rcx*r 
in a troiigh £ve iaei limf- 'tixrei i'fer. jraa,. au. v»t me. & ii^ 
feet deep. Is aroisr fulrr u uklz lunn. tiM ciar. 2uic Jirs :- 
porate it irifb 1h£r -vcvie:. t luu^ wimki. njRnm«eiz:. iucu: 
with ahbde st vast ^atc uul t ctuk imudA «' Xait oLutr: 
mored TJdkaitlj ahmx: jl 'tije uxvusi. jl nl diF^rrJuu. *> 1.. - 
this beoaoKE an ogfErtirjm tif E^iiir. jbuio!:. ji. jb?^ ^acssutii' - 
ments. where loadaiii^rT & nau^Au. ilr lu^ mriOiF^zifnz: (/ . — 
bar, the hLnngii^ s this efiec3ec : — Tut easy st iurjra, smc l 
cast iron crlindfic fosc £»i 6*9»nu uxil tv^arr mcifftt sl ilsxn^ 
eter. Hitdd^ the oest-Ji of tiiji rrliucitr nitt ai. inriipi: 
fihaA, fomisbed inth knJveB vanxic » xadi: «: zi^sc nji^t^ it 
the dia^ but ao acnz^^ed upoL it liflHlheJr &: Bidet ai*; iii 
the pkne of a flparal thread, ao tiflC tnr -^ revuiutitHK of the 
shaft, the kmres ptafeui the oonhie office of cvCJng wiii:> 
ever stands in their war, and of Arcing downvard^ tiie cox*- 
tents of the cjiinder in the noumer of a screw. Aooiher bet 
of knives is inserted in the intenor saAee cf the crlinder. 
and these extend to the Aaft in the ceotre, pazallel to, and 
correspcHiding wMi, the reroliin^ knires: thns the two sets, 
the one active and the othra* pasenre, have the e&ct of sbears 
in cutting the clay into anall pieces ; while this, in its ledoced 
state, is at the same time feroed through an aperture at the 
bottom of the cylinder, and transferred to a vat fer the porpose 
of being mixed with water; a process which this previoiis di- 
viding of the clay is feond matenally to fecilitate. 

The vat where this mixture is perfermed is likewise <^ a 
cylindric fi)nn, its diameter being eqoal to feor times its depth. 
In the centre of this vat, also, a perpendicular shaft is inserted, 
furnished vdth cross arms or radii, one below the other. These 
cross arms are connected by upright staves, giving the anpear- 
ance of two opposite ^ates hung upon the central shaft. These 
revolve within the cylmder ; and as they are partially inmiersed 
in the pulp, the constant a^tation mixes all the finer particles 
of clay with the water, while stony particles of greater magni- 
tude &11 to and remain at the bottom. The pulp, now mixed to 
the consistence of cream, is passed off from the vat through a 
series of sieves of increasing degrees of fineness, which are 
worked to and firo by machinery ; thus a separation is effected 

D2 
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between the grosser parts and that portion which is fitted to 
enter into the composition of the ware. 

* The next process is that of preparing the flints. These are 
first burnt in a. kiln constructed for the purpose, and which 
very much resembles an ordinary lime-kiln, being of a conical 
shape, and about nine feet deep. While the flints are yet red- 
hot, the^ are removed from the kiln, and in that state are 
thrown mto cold water ; by means of which their attraction of 
aggregation is lessened, so as to facilitate greatly the subse- 
quent operation of grinding : they are next broken, either by 
manual labor, or by machinery. In the latter case they are 
placed upon a strong iron grating, and there struck by ham- 
mers, until sufficiently reduced in size to fall through the gra- 
ting to a receiver, whence they are conveyed to the flint mill. 

fii order to expedite the process, and at Jbe same time to 
^ind the flints finer, a quantity of water is thrown with them 
mto the mill. Another good attending the presence of water 
in this grinding operation, is the preservation of the health of 
the workmen. Before the adoption of this method, the atmo- 
sphere of the room became charged with the finer particles of 
flint, which, adhering to the lungs, frequently occasioned dis- 
tressing and sometimes fatal diseases to the workmen. Tliis 
great improvement was effected by the illustrious Brindley, 
who likewise invented the mill now used in the process. This 
is a lar^e circular vat, about tliirty inches deep, having a cen- 
tral step fixed in the bottom to carry the axis of a vertical 
shaft. The moving power is applied to this shaft by a crown 
cog wheel placed on the top. At the lower part of the shaft, 
and at right angles to it, are fixed four arms, upon which the 
grinding stones are fixed ; large blocks of stone of the same 
kind being likewise placed in the vat. These stones are a very 
hard silicious mineral, called chert, which is found in abun- 
dance in the neighborhood of Bakewell, in Derbyshire. The 
broken flints being then introduced and completely covered 
with water, the axis is made to revolve with great velocity, 
when the calcined flints are speedily reduced to an impalpable 
powder. 

The nature of the grinding stones used in these flint mills is 
of considerable importance ; for should they contain any calca- 
reous carbonate, they will be abraded ; some part of their sub- 
stance will mix with the flint, and consequently with the body 
of the wares, and thus occasion very serious injury to the^man- 
ufecturer. Some years ago, a very heavy loss was sustained by 
some potters, who had purchased flints ground in a mill the 
stones of which contained carbonate of lime. 

When the flints are thus sufficiently ground, the semi-fluid 
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is transferred to another tkL ais:- rs r i^ Tv rf ytsL -wA «i. uy^gig 
shaft furnished with arms or tckx ;^ i j? jiiriw w t xf i^sBirJvs t 
and a considerable qnantitT <£ 'wVJifr T^ssjr uu«)C tut tuir-ni^ 
power is applied, and the Tt»ue rnwsilri h^:nxa!st. TV «rv- 
cess occasions the g r o m cr aad -irtfjcgacaer »:— jfjBt \t "Orjut twrr 
place at the bottDm, wbi> tfa» ^aer yr^j-r "laten* Ji vuHyQU* 
sion above ; and in this sute s pMVK Jx «j ji>iU%a«:?i: i^ t f j » L t> 
voir, whence in doe time t£K g^j i t g jig aac w^xz m xtsvcri iiT 
through apertures pninden fr t^ vir^smt. 

The dilution of claj if b^ws Vj >t '^ rai*^ -jrv^^r ^smmi^i^fU'Pt 
for mixing, when a tpucjtr taas '»il £;. i vnc tv>3i«nri» 
weighs twentr-foor cmioes: aac rsai 'jf "^ut "finfi* « *i>jvki\^ 
considered snitable fcr use. wi^tt tii* «istii»: inZ-c at ir-Ji'jrir i 
weigh thirty-two oonccas. ItTBtVf ^j^w «3#»fj;di* jrti:' nf»st '.-uir 
is, by the comparative de:»cri«f '/" tajw^ tiiiTC^.i«, vt tuut*^i^ 
by weighing an erinal Mk rf ^stfSL. *:Rair, :a«t njmnii/mir:*f * 
enabled to ascertain the real yrr/jr^XA -/ zwr nur^^jtiw. ^^/f 
to coml»ne them in the ^frn^^A viw^ xjBt *T.i^:rj*juv»: i*!irti» ii-n 
to employ fiir the oj m jrjs^jo </" nav^jt uaftt '/" ys?.*^ t :/f 
too much nicety can fiarfrr 5^ ^rfxea v, taut ttuvMr^iir vrr ''»^ 
his labors^ 

The dilutio!H of cJaj az»i ftsil i«irit? iirjujar v/r''— ''•'' '^ 
suitable proportxKH, and falirMiyiT u:::i>< in- ifyr;*-.*'^- '- - 
mixture is passed, n\s&f* in a sCicS^ */'«rj:;^5viCirt. *;i:u'-^^r < .-C 
ferent sieves, in order to ae^tradt^ asr j^sr^adijrjijr jurvwiTo*;*- v^ 
gether with such partictK as hare jarX t^^^ wulSSif^^rJrr.i jrrr-j/f- 
By these means the maaFpreaetits lae ^JsrM, ^j&:^yr£jfy t/iC 
smoothness throagfaoot Ine affinitr irhyii aJvsoiut :a.k ^jf 
silica, mider all circomstanc^K, im » rw*t. ti*irt Vj«rr w-J!* v',--.-^ 
even in the humid way, ftjnan^ a kind of tryjrtiff ; *rjC 'w.--*?,^ 
this becomes haideaed by time, it le ^i^fTtsd^.0» \ifyc'/vJj; ^/ c*?* 
composition by the axTtioo of the vxjwm^ber*:. 

This fluid mixture of clav and flint is ciii^ Jift)>- t/jc. *f^T 
passing through the sieves, is pump^ to the tiip kUn. 7\'i* in 
a kind of trough formed of fire-bricks; its size varie* acc/r'd j jj^ 
to the extent of the manufiictorv, being of the ien^t c^ r>r»y 
to sixty feet, from four to six feet wide, and aho«t tweJv; v^ 
eighteen inches deep. Flues from fire-jJaces pa» under tV- 
whole extent of the troughs, in which tJie flukl is made to h^iij, 
and the process of evaporation is slowlv coirfucted, so as to 
produce an uniform consistency throughout the mass. ITiis 
evaporation must be very carefully attended, and the mass fre- 
quently stirred and turned over, ciherwise, from the imperfect 
manner in which it conducts heat, the portion in contact with 
the bricks would become improperly hardened, while the re- 
mainder would continue fluid ; in addition to which, flint beinjj 
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Specifically heavier than clay, the former would in the first part 
of the process, and while the slip is yet fluid, have a natural 
tendency to subside to the bottom, and thus render the com- 
position of the mass unequal. 

The evaporation is never carried beyond a certain point in 
the kiln ; for should the mass become too dry, it would be im- 
possible to knead it properly, or to mould it on the wheel into 
any of the forms which it is desired to create. The place 
where this evaporation is performed is called the slip-hOuse, 

When the clay or paste is removed from the slip-kiln it con- 
tains a great number of air-bubbles, and must be well incorpo- 
rated together or tempered by working or beating it with 
wooden mallets. It is next cut with a kind of spade mto small 
pieces, which are thrown upon the mass with all the strength 
of the workmen, and these operations are persisted in untu if 
is supposed that their further continuance would not hring the 
whole to a more complete state of consistence. 

The mixture, when brought to this state, should be^ofiered 
to remain in a mai£ for a considerable time before it is used ; 
the material by this course becomes much more intimately 
united than can ever be eflTected by mechanical meana It is 
to be feared that, although the English potters are fully aware 
of this fact, they yet fiiil to adopt so eligible a practice, which, 
as it calls foV the employment of greater space, time, and capi- 
tal, is neglected for other advantages, which, if not so great in 
an extended point of view, are certainly more immediate. 

It is not possible to state the precise proportions wherein the 
clay and flint are brought together in our English potteries. 
Each manufacturer has in (his respect his own practice, which, 
esteeming it as the best, he endeavors to keep profoundly se- 
cret; and, besides, the proportions "Necessarily vary with the 
quality and properties which it is desired to give to the manu- 
nicture. Vauquelig informs us that silex forms at least two 
thirds of all kinds of pottery; alumine from one fifth to one 
third ; lime from 1 -500th to l-2000th part ; and iron from the 
smallest conceivable quantity up to twelve and sometimes even 
fifteen per cent. The presence of the two latter bodies is ac- 
cidental, arising from the natiuTil composition of the materials, 
and in particular the oxide of iron, when preset in any sen- 
sible degree, renders the clay unfit for all purposes, except that 
of formmg the common red ware. 

Parkes, whose practical essay on the making of earthenware 
and porcelain is founded on his own personal observatioAs, 
made during a residence of some years' continuance at the seat 
of manufacture, is yet so little able to be precise upon the sub- 
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or a sixda pezi ^ -vpemoc of -zut ih^i t *l -beeci* 

Soa»e porCiaD aftiif- •minir<»<(r oF r.irTiYmil 
oocDpostJoo of prfgnr usn^r iniu: nr 

the creaoKidikaxt sn. '!J!iis n^nsdf^n: » ^oDiS'jMafv^ Kuant 
the insfls.a39£ 'smnasiBt -wHl jl bik a: fitiRr 
se parileJT aaic juarai il Ixfi- jniuii^fsi wrmnrum. 

Tbe c&j «c- Twrnr -vorl iusbl iir 

SMleiaUe tfrtniEfnu ii^iil- TiTiKs;s*fta- ir imt im i nma 

The iBBK s TiiHt -5511 TarmtSL ^nti i "tun irras -rir*. rr:^ 
of «ib5dk s jhiic 2l ^itier jmui. -vtiii** iip -vbt »»rT.:»«a 
fixced ittctiug ^ L tie !iiExu "ynirh wnuaiKs » -nsiir is J t 
cut wioi a "*iiifc-- -lua. nicncr in Tnti jrtrli ifinics iip nfw? 
tfans flevBTcSBCLiait SERSie' 2i» innrar -snivigrli. if> jnr^ r n 
the real •df ^ss& juiua : su 'tuB -jiKSRifm \b -^nKttvti mni iie 
whole kmv «ia]iiii& ;i perrfei::!? imiwitL ini t -iive tnivanmce 
wherewer ai: » <5iiL Sa tTmiimenK » "tie :nenTyrrar.4m. if iie 
whole- BUS STf diiH mtiafu*- rrnn* il ic *lie ^mmnHncmicnr jt "iu^ 
proces. rw»5. w;f»F -rf 'liaj a' iiifo^ar ■?aicr3 ir" iiken. "ie 
liCEEpi. sit iCif Q^msieciijiu ttlI je if aie Tmii^rai inii*. jiticB-iit»fii- 
a£e to ihe tw»5. onernai «XHTr». T\lb Jincfiiixs :c«?nt:u,Ti » vase 
of tbe 115TT firac ci%iS9BtT. 31 jjnter oanniffteiT la .£T3«t ev^a* 
air-bdbbtte. havener ■ffrartp, TeaBLOBinir la :&!? ciat. lar wiueh 
oj*j]Jd not be so trKnxzzbJy criivQ «sc W r^ spprxms bmrs^ in 
the laiser mats when taikm ftcm tae ^is»-kila. If the air 
were noC thoB tfaoroofhlr expeDed. it vnud lcinni« so laath 
Tarified and expanded m the oren. that it vrold ftirDe «it « 
passage jfbr iiaetL and by biislenns^ scoc! or mcch injore the 
goodsL 

Some of the more oGnssderalile ainoi^ tiie poCteis^ who eoi- 
ployr steam power fer bhrnging- the day and gnndingr the flints; 
periSvm the operatiao of sla^fHi^ by the same ag«ncT. sarinp 
thereby both time and labor. Id ths case the expu1sk» of the 
air is efiected by mechanical pressure, and the office is per- 
formed with perhaps as much efficiency as by hand. 

Having midergone all these preparatioDs, the clay is now fit 
for being shaped upon the wheel or fashioned by the aid of 
moulds into all the diversified forms which fancv may dcsure. 
This branch of the art is divided into three dilfcrrnt depart- 
ments — ^throwing, pressing, and castings— eithor of which m 
used according- to the form of the article maniifacturccK 

The manufiicturers of porcelam in Franco do not uso so 
much secrecy as is preserved in oar own pottoricB, with re- 
spect either to the materials whereof tli(Mr wnro ip conijiound- 
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ed, or to the proportions wherein these are employed. The 
clay which forms five parts in six of the whole mass, is the 
porcelain eartli sdready mentioned as being identical with the 
kao-lin of China ; to this are added in certain pro^Jbrtions flint 
and gypsum (plaster of Paris), both calcined and ground ; and 
fragments of broken porcelain, which must be white, also 
ground to a fine ^wder. One rule for forming this composi- 
tion assigns nine parts each of flint and broken porcelain, and 
tour parts of calcined gypsum, to each one hundred parts of 
porcelain clay. Another authority recommends Ave parts of 
gypsum and only eight parts of ground porcelain ; .while the 
flint and clay are used in the same proportions as in the first 
rule. If at any time the manufactory should not afibrd brokeo 
porcelain for the purpose, it is recommended that pieces be 
compounded, about a quarter of an inch thick, of the other 
three ingredients, wherein the proportions of gypsum and flint 
are augmented ; and these pieces, having been previously con- ' 
verted into porcelain by baking, are to be ground and mixed in 
the above-mentioned proportions with the other ingredients. 

It has of late years been the "practice of some E^lish manu- 
facturers to use a considerable proportion of calcined bones, to- 
gether with a small quantity of gypsum, in combination with 
china-clay, flint, Cornish stone and enamel. By this means 
porcelain of a brilliant and very transparent white is produced, 
which, however, is deficient in density, and very liable to crack 
on the application of hot liquids. 

Several among the chemists and scientific manu&cturers of 
porcelain in France have given recipes for the composition of 
tender porcelain, although this description of ware is no longer 
made in that country. 

This kind of porcelain will support, without softening, a 
greater degree of heat than sufiices to melt glass. It is semi- 
transparent, has a vitreous fi'acture, and returns a clear sound 
when struck by a hard body. It is harder but not so brittle as 
glass, and bears, without injury, sudden and very considerable 
alterations of temperature. 

M. Brongniart recommends a mixture of one part of pure 
white clay, with three parts of a frit compounded of nitre 
soda, alum and^selenite (sparry gypsum), together with a large 
proportion of ferruguious sand and a little common salt The 
ingredients.>of this frit are to bje calcined together, and » the 
whole intimately kneaded ; when cpild, the compound is to be 
reduced to powde^^^^ ^ that ^1<e p)ixed with the clay. 

This paste is not sp (^h/ee^^e or viscous as that which forms 
hard porcelain, and greal^, ^refulness is, therefore, called for 
in fashioning vessels with it. Lime and selenite, or any similar 
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earths which, if fused by themselves, produce a transparent 
and colorless glass, may answer the same purpose as the frit 
just mentioned. In making choice, however, of the compound 
to be thus used, it must be borne in mind, that the paste must 
not be more stubborn in resisting fire than the seggars, or 
vessels wherein it \s inclosed during the baking, and no greater 
proportion of any substance that promotes fusion must he used 
than can be supported by the clay without having its cohesive- 
ness greatly diminished. 

The porcelain earth used in Berlin is compounded with sili- 
cious sand and sulphate of lime in crystals. The constituents 
of their flux are varied in the proportions according to the 
quality of the ware it is intended to produce. In the greater 
part of the German manufactories felspar is used, and some 
employ a calcareous sand. 

When tender porcelain was made in the works at .Sevres, a 
small portion of arsenic entered into its composition. This was 
fbimd very hurtful to the workmen. Few of the turners or 
moulders, after following their employment for some years, es- 
caped severe pulmonary complaints ; and to this disadvantage is 
•ascribed the order of the French government under which this 
branch of the manufacture has been discontinued in that estab- 
lishment 

Individual manufacturers of porcelain in France avoid all the 
labor of preparing their materials, and purchase these in a 
state of readmess from establishments at Limoges where the 
best porcelain earth is found. The price of the compound, 
when delivered in Paris, or at an equal distance from the place 
of preparation, does not exceed three sous — about one penny 
halfpenny of our money — per pound. 

This arrangement must considerably simplify the operations 
of the manufecturers, and lessens the amount of capital which 
they must employ in the estaWishment of their works ; but it 
is doubtful whether the accompanying disadvantages are not 
fully equivalent to these benefits. There are many reasons to 
render such a plan ineligible in this country. 
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The operation of throwing coneisls in Bbaping such veseels 
Ba have a circular Ibnn, and is performed upon a machine call- 
ed a potter's lathe. 

This consists of an upright shafl, about the height of a c<hd- 
' mou table, on the top of which is fixed a circular piece of wood, 
wliosc breadth is eufficient to support the widest veseel that ia 
to be made The bottom of the shaft runs in a step, and the 
upper peM m a socket a little below the circular board, so that 



Fig. 1. 




the shaft and boofd turn together. The shaft has a pulle; fixed 
upon it bf means of which it Is turned, an endless Inud passing 
round the pulley from a wheel placed at a short distance, and 
which is tcin times the diameter of the pulley; this wheel wh^t 
turned bv a handle sets the lathe in motion. 

The clay to be thrown is firet cut and weighed and formed 
into a ball It is then placed on the lace of the circular board, 
which being put in motion, the thrower, dipping his hands from 
ti^ie to time into water, or slip, that the cloy may not adhere to 
them, ^bions it first into a long thin column, which he forces 
again down into a lump, and continues these operations until bs- 
Hiired that no air-bubbles cun poeeibly remain in the body of the 
clay. He then dirfris that the Bpcd of tin- vthpf] shnll bpmodn- 
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rated, and proceeds to give the first form to the vessel. This 
is done either by his fingers alone, or with the aid of an instru- 
ment shaped according to tlie desired form. The instruments 
employed for this purpose are called profiles or ribs. By the 
assistance of one of these, the inside is smoothed and made to 
assume the requisite shape, and any inequalities, technically 
called slurn/i are removed. When it is wished to make any 
number of vessels exactly similar to each other in shape and 
dimensions, certain pegs are fixed as a gauge without the cir- 
cumference of the revolving board, but placed in such a man- 
ner, that whenever the plastic clay is brought to coincide at 
the requisite pomts with the gauge, the thrower knows that 
the article has attained the proper dimensions. 

In this manner most circular-shaped vessels^ are formed. 
When finished to the artist's satisfaction, he proceeds to re- 
move his work, cutting it from the lathe by passing a thin brass 
wire through the lowest part of the clay. The vessel is then 
lifled off and placed on a board or shelf, where it is left to diy 
partially before it is fiirther smoothed and shaped in the turn-^ 
ing'lathe. 

tVhen the vessel is so far dried as to be in that' particular 
state of hardness well known to the workmen, and which is 
called the cprecn state, it is in the mosf favorable circumstances 
for the performance of the remaining operations of turning and 
smoothing, for being furnished with handles, spouts, and such 
appendages as cannot be affixed in its first formation. , 

For making circular dishes, plates, saucers, or shallow bowls, 
and other vessels of that class, a plaster mould is used. This 
is slightly sprinkled with powdered porcelain, sifled through a 
fine cloth, and placed on the block which sunnounts the upright 
spindle of the lathe. The block being then set in motion, the 
clay is fashioned in the first place by the hand of the workman, 
which presses it against the mould, and^aflerwards with a pro- 
file to give the requisite internal form. If any ledge or foot is 
required, it is affixed afterwards with slip, in tiie manner here- 
after described as employed for joining handles and spouts. All 
siiperfluons y^arts are cut away, and the whole is finished by 
means of a horn tool and a damp sponge. When suflliciently 
dry to be taken from the moulds, the edges are pared with a 
isiiarp knife, and the pieces are slightly polished by the hand. 
After this, they are placed in piles of four, six, ten, or more, (tcp 
cording to their weight and solidity, and are left to harden, 
preparatory to their being pUt in the oven. 

The turniniT'latke of the potter is similar to that used by the 
turner in wood. The end of the spindle has a screw thread, 
upon which are screwed chiteks of wood, tapered in their form, 

E 
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Bjod differing in their diameters according to the size of die ar- 
ticle to be turned. The tools eni];>loyed are of di^rent sizes^ 
from a quarter of an inch to two inches broad, and six inches 
long : they are made of iron, the cutting end beihg turned up 
fU)out a quarter of an^ inch, and ground to a good edge. 

The vessel to be tujrned being fixed upon the chuck, and mo- 
tion communicated to the lathe, the turner proceeds to reduce 
the substance of the clay in such parte as are required, to form 
rings and rims upon the vessel, and generally'to attend to those 
little niceties of shape which are not easily attainable on the 
throwing-lathe. When this is completed,* a contrary motion is 
given to the spindle, the turner applies the flat part of his tod 
to the vessel, and using a gentle pressure, produces the requi- 
site smoothness of surface and solidity of texture. 

In those considerable establishmente which are fuAushied 
with a sfeam-engine, the throwing and turning lathes are both 
actuated by it To the first of mese machines motion is then 
given by means of two upright cones, placed opposite to each 
other; die apex of the one answering to the base of the odier. 
One of these cones receives motion directly from the engine, 
and communicates it by means of a leather strap to the other. 
By this arran^ment tne horizontal strap has always an equal 
tension to whichever parte of the cones it is apphed, the en- 
largement of the one answering to the diminishing diameter of 
the other ; but the speed given to the lathe will depend upon 
the position on the driving cone which the strap occupies : if 
this is at the small part, the driven cone, and consequently the 
revolving-board of the lathe, will travel more slowly, and ite 
revolutions will, on the other hand, be accelerated in proportion 
as the strap is made to occupy the larger part of the driving 
cone. When the strap takes ite position on the largest part of 
this, it will apply to the smallest part of the driven cone, and 
the speed of the lathe will be at ite maximum. The position of 
the strap upon the cone is regulated at pleasure by a winch, a 
boy in attendance upon which fellows the directions of the 
thrower. When the article is finished, the strap is thrown ofiT 
the driving cone, and the motion of the lathe of course ceases. 

The turning lathes, w^en actuated by the steam-engine, are 
arranged in a row, the whole length of the room, through 
which runs a horizontal shafi:, and this haa fixed upon it, oppo- 
site to each lathe, a drum, straps on which connect the shaft 
with the lathes. The^i^eed of the lathes is regulated by pro- 
viding pulleys of difiTerent sizes, upon any one of which the 
strap may be guided by the turner during the revolutions of the 
spindle. When the turning of the vessel is finished, the strap 
is Jrajisferre(} to another pulley connected by a crossed strap 
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with the spindle, which by that means has a revetsed motion 
conmiunicated to it, and tne article under operation is smooth- 
ed and perished in the manner already described. 

A milled edge is ^ven to earthenware in what is called an 
engine latke, where, in addition to the rotary motion communi- 
cated to the article,* it has likewise a horizontal movement to 
and fix), enabling, the workman to. make the requisite incisions 
at proper and definite intervals. 

When the vessels are taken firom the turning-lathe, they are 
delivered to the handler, who fixes upon them handles, spouts, 
and other appendages of that nature. These are affixed to the 
vessels by means of slip, with which the parts brought into con- 
tact are moistened. Being then left for a short time to dry^ the 
junction is found to be perfect ; and with a knife the superflu- 
ous clay is removed fiim libout it : the whole vessel is next 
cleaned with a damp sponge, which moistens the whole equally, 
and gives uniformity to its appearance. 

Handles, spouts, and objects of that nature are made with- the 
aid of a press, consisting of a small metallic cylinder, which has 
an aperture in the centre of its bottom, to which plugs with dif- 
ferently shaped orifices are fitted. It has also a piston, actuated 
by a screw, which works through an iron bow attached to oppo- 
site sides of the cylinder. The aperture in the bottom bemg 
furnished with a plug of the desired form, and the cylinder 
charged* with clay, the piston is inserted, and by the turning of 
the screw is forced down upon the clay, causing it to protrude 
through the aperture in the proper shape. This being cut into 
lengths, and bent into the required form, is, when sufficiently 
dry, affiled to the vessel as already mentioned. If the clay is 
required to take a hollow cylindrical form, as it must for i^uts, 
a pin of the same diameter as it is wished to give the tube is 
fixed above the centre of the plug. It is obvious that some or- 
namented spouts cannot be made by this means. For forming 
such, two moulds of plaster must be prepared in the manner 
hereafter described, one half of the figure being impressed in 
each of the moulds, which must fit together accurately. Clay 
is then forced into each mould, and the superfluous quantity 
being cut away, leaving still a small portion above the level of 
the moulds, the two are brought firmly together to unite the 
two halves of the article. The mould is then divided, the clay 
is removed, and finished as to its form with suitable tools by th^ 
workman. This is the operation known under the name of 
pressing. The moulds for the purpose are made with plaster 
of Paris, (gypsum, or the native sulphate of lime,) the peculiar 
fitness of wnich material for the purposes, arises from its prop- 
erty of absorbing water with very great rapidity, so that the 
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ware inclosed within it speedily dries in a sufficient deme to 
deliver itself (according to the workman's phrase) easily firom 
the mould. 

Small ornaments, such as figures, animals, foliage, and the 
like, are more conveniently made by pressing the clay in plas- 
ter moulds, or otherwise these are made of. copper, which must 
previously be slightly smeared with oil, in order to insure the 
easy delivery of the ornaments. These are then affixed to <tiie 
vessel by means of slip, according to the method already de- 
scribed.* It is in this manner that drinking jugs are so com- 
monly ornamented with figures in relief. 

In order to prepare the plaster fbr making moulds, it is first 
ground between a pair of stones, in a mill exactly similar to that 
employed for grinding wheat ; it is next boiled in order to drive 
ofi* the water which forms a considerable constituent part of its 
natural substance. There is an appearance of absurdity in thus 
speaking of boiling a dry earthy substance ; but the workmen 
who use the term, are not very far wrong in their expression. 
To all appearance, ebullition goes rapidly on in this operation, 
and there is a disengagement of steam as in the boiling of watery 
fiuids. When this process is completed, the substonce is al- 
ways called boiled plaster. The evaporation is conducted in 
long brick trouglis, having a fire flue running under their en- 
tire length, in a manner similar to the slip-kiln. The man who 
superintends the process, is obliged to wear a handkerchief over 
' his mouth and nostrils, to prevent the passage of any. particles 
of the gypsum to his lungs, or stomach, such a circumstanco 
having been found very prejudicial to health. 

The plaster when thus deprived of its water becomes a soft 
impalpable powder, but when its natural proportion of water is 
again added, so strong is its affinity for that liquid, and such its 
capacity for a^fain combining with itself that portion of which it 
has been deprived, that it attracts and condenses the whole, and 
will immedis(tcly set into a hard and very compact mass, pecu- 
liarly suitable for the purpose here re<juired. 

The consumption of plaster of Pans, in making moulds fbr 

Elates and dishes is so considerable, that in the district compre- 
ending the Potteries, in Stafibrdshire, many tons are annually 
worn out and thrown away as useless. 

Articles placed in these moulds part with moisture so rapidly, 
that when put in a very temperate stove, they will become dry 
enough for removal in two hours, and each individual mould is 
capable of being used for forming four or five diflferent articles 
in the course of a working day of twelve hours. The stove 
wherein these moulds, with their contents, are placed to dry, is 
a small room buiU with bricks and havinsr wooden shelves 
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ranged round it, and over one another from the floor nearly to 
the ceiling; it is heated hy warm air conducted through it in 
an iron pipe. 

Moulds fi>r producing simple wares, such as plates and dishes, 
and generally for such objects as are formed by pressing, are 
simple in their construction ; but others, which are used tor the 
third department, that of casting, call fi>r much more art and 
skill for their invention and execution. For these, the taste of 
the modeller is put in requisition, calling for the exertion on his 
part, of a ]figh decree of skill and ingenuity in forming patterns, 
and adaptmg to uiem appropriate ornaments. To be a perfect 
modeller, in the higher branches of the art, a man should have 
an acquaintance with the best productions of the classic climes 
of Greece and Rome; he should be master of a competent 
knowledge of the art of design ; his fancy glowing with ori- 
ginality, tempered and guided by elegance and propriety of 
feeling, and restrained % correctness of taste and mdgment 
To a man thus g^ed, the plastic and well-tempered material 
wherewith he works offers little of difficulty in the execution 
of his conceptions. 

In the most considerable works, an^ where the proprietors 
are ambitious of excelling,' modellers are kept in constant em- 
ployment Other manumctnrers content themselves with buy- 
ing new moulds from artists who compose them on speculation. 
End who are sometimes so little scrupulous as to dispose of the 
same pattern to several different purchasers. 

For want of due encouragement, high degrees of excellence 
in this art were formerly not of frequent occurrence. Mr. 
Wedgwood, to whom the porcelain manufacture of England 
owes so many and such various benefits, proved that talent in 
this branch of art needed only for its development to be fostered 
and encouraj?ed with liberality. This patriotic individual paid 
the sum of rour hundred pounds to Mr. Webber for modelling 
the Portland or Barberini vase, although the work called for no 
original or inventive powers. Since mat time, English model- 
lers have attained to such a degree of excellence, that it is said 
any good modeller, with one qualified assistant, would be able 
to achieve, in the short space of two weeks, the task which oc- 
cupied Mr. Webber for many months, and which was viewed, 
at the time, as an honorable proof of both his talept and in- 
dustry. 

The model, when moulded by the hand, must be trimmed, 
carved, touched, and retouched with suitable tools, constructed 
of metal or wood, and sometimes even of ivory, for the more 
perffect finishing of the whole composition. 

When thus completed, the model passes into tho hinds of ibr 

K2 
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mould-maker, whose occupation is quite mechanical and distinct 
from that of the modeller. A strong casting, of clay is first 
ftirmed and securely fixed round the model, leaving sufficient 
space between for the substance of the mould. Proper propor- 
tions of plaster of Paris and water are then placed in a jug, and 
the mixture is briskly slirred, so that the water may thoroughly 
pervade the whole, which is then poured gently, upon and 
around the model, covering it in every part to the requisite de- 
gree of thickness. Upon this some heat is sensibly given out 
by the plaster, and the whole is very shortly converted into a 
hard compact mass, easily separable from the model, \nd found 
to exhibit a perfect impression of its form, and the minutest 
niceties of its ornaments. The mould is, after this, placed in a 
stove to be thoroughly dried,^ and is then fit for use. 

Many articles were formerly made by casting, which are 
now produced by the operation of pressing last described. 
Casting is now employed only for the formation of irregular- 
shaped vessels, where much nicety is required, and which need 
not have much strength. The casting operation is performed 
by intimately mixing the united clay and flint with very pure 
water to the consistence of cream. On pouring this dilution 
into the mould, the plaster quickly absorbs water from that por- 
tion which lies in contact with its surface, hardening it to such 
a degree, that on the central and still fluid part being poured ofl^ 
a coating of clay will remain attached to the mould. This 
coating having been allowed further to dry during a sliort time, 
a second charge of diluted clay, but the consistence of which is 
much greater than the creamy fluid first used, is poured in, and 
adds to tlie substance of the first deposit. Having remained in 
tlie mould sufiiciently long for this purpose, the remainder of 
the semi-fluid is poured o^ and the mould, with its contents, is 
set in a stove : when sufiiciently dry to allow of separation, the 
article is taken from the mould, and left; until it is brought to 
the green state, when all imperfections are rectified by the 
workman, whose skill is exerted to render the vessel as smooth 
and as perfect as possible. 

* It is essential to' the excellence of all kinds of earthenware, 
that the means used for drying it previous to the bakinsr should 
produce an uniform evaporation throughout its entire suostance. 
If too much heat were artificially employed, the surface might 
be hardened, while the internal part remained moist ; and Uiis 
'would be attended with disastrous consequences in the oven, 
owing to the unequal contraction that would then ensue. It is, for 
this reason, necessary to allow time for the gradual dispersion 
of moisture, which, however, may be advantageously expedited. 
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by placing the pieces upon plaster shelves, whose absorbent 
property would occasion the requisite drying in a shorter time, 
and with increased regularity and uniformity. 



CHAP. V. 

ON THE PROCESSES OF FIRINO AND GLAZING. 

Seggars. — Proper Materials for these wanting in England. — Not so in 
France. — Nangarrow Work. — Why discontinued. — Great Estimation of 
its Wares.— Cause of Superiority. — Use of Seggars. — ^Tbeir Forms. — Mode 
of using them. — Sevres Manufactory. — Improved Furnace. — Its advan* 
tages. — Description. — Chinese Method of Firing. — Construction of their 
Kilns. — Care required in Baking. — Duration of Process.— Oven -Man. — . 
Trial Pieces.-;-Annealing. — Biscuit. — ^Wine Coolers. — Glazing. — Conapo> 
sition of Raw Glazes. — ^Bad efiects of some of these to the Public. — To the 
Workmen. — Pernicious use of Ardent Spirits!— Glazes invented by M. 
Chaptal. — By Mr. Rose. — Porcelain Glazes. — French Glazes. — Palissy. — 
Hi^ Experiments on Enamelling. — His Perseverance and Sufferings. — His 
Success, and continued Firmness under Persecution. — Inferior Glazes.- 
Low-priced Wares. — Gloss-Oven. — Regulation of Temperatjire. — Q,ualities 
that determine the Excellence of Porcelain. — Stone- Wai'e. — Its Compo* 
sition. — Lambeth Potteries. — Modes of Glaziug. 

In the state whereto the vessels are now brought, they are 
ready to undergo the first application of fire m the oven. For 
this purpose they are placed in deep boxes called seggars, 
made of a mixture of fire clay and old ground seggars, which 
should be well baked, and capable of sustaining the most in- 
tense degree of heat without being fused. The porcelain 
manyfactures of this country labor under a considerable disad- 
vantage in this respect, being unable to procure materials for 
the constructjpn of these cases that will sufficiently withstand 
the direct heat of the furnace^ This difficulty does not occur 
in France, a fact which is assigned by our potters as one prin- 
cipal reason for the better quality of French porcelain. 

A porcelain manufactory was carried on some years since 
at Nungarrow in Wales, but which is now discontinued. The 
wares produced in these works were perhaps superior in quality 
to any porcelain that hitherto has been made in any other part 
of this country. No expen^ was spared either in the procure- 
ment of materials, or in conducting the various processes ; and 
the want of success on the part of the spirited proprietors is 
referrible solely to the deficiency of public patronage, it being 
found impossible to procure a pric^ for the goods which could 
adequately meet the cost of their manufacture. Since the dis- 
continuance of this establishmeift, the excellent quality of its 
wares has been more justly estimated, and the prices which 
are now eagerly given by amateurs and collectors for pieces 
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of Nuii£[arrow porcelain, are out of all pfroportion greater than 
were originally demanded 4) jr the makers. 

The materials of which this porcelain is composed are <^the 
most refractory quality, and it is understood that success in 
their conversion was gnly attained through the expensive 
measure of sacrificing the seggars employed, which, owing to 
the hi^h degree of heat whereto they were exposed, could 
never be placed a second time in the furnace. 

The office of the seggars is to protect the wares while being 
baked from the direct application of flame and firom smoke ; 
the heat is somewhat modified in its transmission through 
them, and applies itself uniformly to each part of the vessels. 
The cases are made of various shapes, sizes, and depths, to suit 
the different pieces they are to contain, and some judgment is 
required in their composition, to fit them for the several kinds 
of pottery. 

To prevent any adhesion of the pi^es to the sejpfgars, the 
flat bottom of each is covered with a thin layer of mie white 
sand. That this even may not adhere to tiie porcelain, the 
Chinese strew over the sand some dry kao-lin in powder. 
Pieces of any considerable size must each be inclosed in a sep- 
arate case, but smaller objects, such as cups or saucers, may be 
placed together to the number of six or twelve, but in no. case 
must one piece be placed in or on another in the seggar, and 
all must be so arranged that the heat will be equally a^ied to 
every part of each. 

In some instances seggars are made having triangular holes 
in their sides, for the purpose of admitting prisms of the same 
form, which are inserted therein, horizontally, in order to sup 
port a greater number of pieces in a state of isolation withm 
each case than could be accomplished by other means. The 
prisms thus used must be compounded of the same materials as 
the cases themselves. This course is not«pursued except with 
common articles, and is adopted with^e intention of economiz- 
ing the time, space, and fuel employed for baking them. 

If the clay whereof they are composed be well chosen and 
carefully managed, the seggars may be placed from fifteen to 
twenty several times in the furnace berore they are rendered 
useless. » 

Some art is required so to dispose the cases within the oven, 
with reference to their shape, size, and the objects they con- 
tain, that the heat shall be distributed as faithfully as possible, 
and that the sufficient baking o^iall the difierent-sized vessels 
shall be accomplished during the same tima The largest and 
coarsest pieces are usually placed on the floor of the oven, 
which must be previously covered with a layer of sand. If the 
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heat be not faithfully distributed through the whole area 
some pieces would be injured by excessive firing, while others 
would be inadequately baked. The bottoms ot* tlie seggars 
being flat, each, as it is placed upon another, forms a cover to 
that beneath, and the entrance of spioke is furtlicr prevented 
by placing a ring of soft^ay on the upper rim of each case. 
In this manner the scggars are built one upon another, until 
they reach nearly to the top of the oven : the upper seggar in 
,each pQe is always empty. Each of these piles, as it stands, is 
called a hung ; in building them up, intermediate spaces of 
about three inches must be left for the circulation of heated air 
throughout. 

Alfliough the privileges so long enjoyed hy the royal manu- 
factory at Sevres, and which were accompanied by correspond- 
ing restrictions placed by the French government upon private 
establishments, must have been upon the whole prejudicial to 
the progress of the art in France, these regulations had yet in 
some respects a contrary tendei?cy. Being secured in a great 
degree from the effects of competition from witliout, the di- 
rectors of the royal works were enabled to pros^rcut*.- exj^ri- 
ments with regard to improvements in their utensils arid pn>- 
cesses, from the adoption of which tljey might othfrrv.'iM? have 
been deterred by considerations of expense. HufrfffMuffif^ »f#- 
pear to have been continually marie, liaving i»ijch ifripr',%<;- 
ments for their object, by men who 4 i}f)yftf\ th*r hicfh<r;.t hCitttf 
tific reputations ; and the succchb of p.'an« thuj* pro{,/>:<:/J, fyjtt' 
duced to the increasing celebrity of tli*; trtdsihWAxUitiui. 

Among others, MM. de Montigny and Sitit.qtuir ftmin^t-A « 
form of fiimace, which effected at the time *i' itM fuU,\/i.itm 4i 
very great advantage. In tliat previously ii*'r#J (nfu\ ih*: <,*/tt' 
struction of which, had been copied fwui ittt/fn t'jfi\A*/y*'A m 
Saxony,) the heat was 00 unef|uaJJy iihdrilMU'jU tliat it v/tm 
necessary to vary the composition of the [lorc^iatn m tut Ut rttn- 
der it suitable to different ports of the furnaas. The \ui\trtf\o^ 
ment here noticed occasioned the sufficient equalization ofhtiai 
throughout its area, and a great inconvenieiiee was at once and 
. completely remedied. 

The arrangement whereby this important change was ac- 
complished will be understood by a reference to the fr^llowinff 
figures, which describe the elevation, section, and plan of the 
kiln. The same letters are em[doyed Uf denote mmilar parts 
in the different fibres. 

A is the interior area of the kiln. This is fourteen feet 
eight inches high, and eight feet tliree inches in. diameter: 
the walls should be three feet thick. BBBB are four air-flues 
placed at equal distances in the circumference. CCCC are 
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beuths one fixit below the base of the kiln : the heat fraa 
these pewes towards its centre. DDDD are openijigs, eigb- 
teen inches equarc, for the receptioa of the fUcL These opea- 




inga are provided with mouth pieces of plate iron. E is a 
door-wa/ m the aide of the kiln : its sill ie three feet abore the 




ground ; 



, ..s width is two feet, and its heig-ht five feet six 

incbcs. This door is used Ibr the iotroduction of the Beggars 
within the kiln, after which it must be securely walled up. P 
is a Bjuare hole, of which tJiere are three in the entire cir- 
cumference. Tliese are designed for the introduction of trial 
pieces within the kiln : another Bimilar opening' is left when 
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walliifflf up the door- way E. The whole of these are provided 
with cky stoppers which exactly fill the holes, and which have 
projections wherehy they can he removed or replaced at plea^ 
sure. G is the chimney in tlie centre of the dome-shaped roof; 
it is of a conical fopn, eighteen inches diameter at the base,, less- 
ening to twelve inches ^ the top. H H represent four air- 

Fig. 4. 




holes, placed over the openings F. These air-holes serve to 
divide the draughty and consequently to equalize the tempera- 
ture of the kiln. I is a round iron plate, supported on four 
pillars of the same metal, and placed over the chimney to de- 
fend the opening. 

When the firing has been sufficiently performed, no more 
fuel is added, and so soon ajs the smoke from that already upcm 
the hearths has passed away, the mouth pieces are entirely 
closed to prevent the passage of air. Shortly after this, the 
chimney G and the air-holes H are also carefully closed, and 
the kiln is left, that the cooling of its contents may go forward 
as slowly as possible. 

Previously to the adoption of this improvement, the kiln em- 
ployed for baking porcelain was always made of a rectangular 
form, having only one fire-place and one air-flue, which stood 
at the side opposite to that whereon the chimney was placed : 
an arrangement which rendered quite inevitable the before- 
mention^ inconvenience, arising from the unequal distribution 
of heat. 
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Enamel is glass made opaque by the oxide of tin, and ren- 
dered fusible by the oxide of lead. All glazes thai 3ontam lead 
participate in the properties of enameL Raw glazes wed &x 
covering tender porcelain are of this nature. The coIotb em- 
ployed m painting this porcelain are those which serve fiir 
painting in enamel ; they require less flux than others, because 
the surface to which they are applied becomes soft enough to 
be penetrated by them. Hard porcelain, whose nature is ide# 
tical with those of China and Saxony, has two kinds of odom 
applied to it Those of the first kind, which are used in the 
representation of different objects, are baked in a ietX much 
below that necessary for baking porcelain; while the dher 
colors, which ^e few in number, must be exposed to the hig^ieBt 
degree required by the porcelain itself. The glaze used foe 
hard porcelain has little or no lead in its composition. The 
Sevres manufacturers, and some few in England, employ fel- 
spar without any mixture of lead. This glaze, wh^i exposed 
to the heat of the gloss oven, dilates, and its pores are opened 
without becoming soft, so that the colors are not absorbed by it, 
and do not undergo those changes which occur when they aTe 
applied to tender porcelain, where, by mixing witn the body of 
the enamel,'they become faint and mdjstinct This ef^t is 
much increased likewise where some particular colors are em- 
ployed, and especially the reds produced from iron, which are 
* exposed to the destructive action of the oxide of lead that is 
contained in the glaze. Painting on tender porcelain must, for 
these reasons, be several times retouched with the pencil, in 
order to give to it the distinctness and brilliancy which follow 
the use of the same colors on hard porcelain, so that a high de- 
gree of ornament is seldom or never given to any but the latter 
description. In the embellishment of hard porcelain, these re- 
touchings are not required, except for the most elaborate speci- 
mens of the ait, which can by such means, however, be pro- 
duced with the most admirable degree of perfection, so as to 
render paintings on porcelain not distinguishable from the 
finest productions of the pictorial art, without reference to the 
body upon which it is performed, or to the means used for 
bringing ,out the colors ; natural objects, landscapes, portraits, 
and even historical pieces being represented with all the truth, 
; as well as with all the brilliancy of coloring, which distinguish 
the works of the first masters. 

One great inconvenience attends the repeated exposure to 
the heat of the oven of pieces thus retouched ; the colors being 
liable to peel off, unless the greatest care has been used in their 
application. This defect has l)een remedied in the Sevres 
works, by introducing a calcareous flux into the felspar glaze, 
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which softMis it, without at all af^ting the body of the ware. 
Soda and potash are never used as fluxes, as their introducticm 
causes the colors to scale ; the reason for which is, that, becom- 
ing volatile in a great heat, they abandon the color, which then 
will not adliere to the gkze. 

The liquid matter which serves as a vehicle in lajring on the 
ccdors, is rubbed with them upon a glass palette until the whde 
ia intimately united. The mixture must be brought to that 
state of dilution which is most proper and convenient fbr its^ 
application with a hair pencil on the sur&ce of the porcelain. 
Great care is used in the choice and management of tbese dilu- 
ent liquids, which must always be sufficiently volatile to be en- : 
tirely dissipated in the heat to which the wares are afterwards 
exposed. In France, the preference is given to oil of lavender 
as a vehicle ; and in order to insure the prc^r degree of fluid- 
ity, this oil is divided by distillation into two parts : .that which - 
first comes over, beinof the most volatile, and having the least 
density, is used for diluting the colors when they become too' 
thick ; and, on the other himd, the portion that remains in the 
retort, having the opposite qualities, is reserved. fbr thickening 
them when they run too freely. Oil of turpentine, which has 
been some time in store, is more generally used in England, 
and is said to answer the purposeJ)etter than any other volatile 
fluid. 

It was remarked by Brongniart, whose practical knowledge 
qualified him to judge correctly on the subject, that of all the 
processes fbr painting on glass and porcelain described in works 
that were in existence at the time his essay was published, 
there was not one, by strictly following which, the desired co- 
lors could be produced. In describing these processes, one au- 
thor had followed another without knowledge or examination ; 
and even the treatise by Leviel, which forms part of the volu- 
minous work on arts and manufactures, published under the 
auspices of the Academy of Sciences in Paris, is not firee from 
this reproach. Such want of correctness, from whatever cause 
it may have arisen, is little honorable to the authors, who if 
even unable, by penetrating the veil of mystery wherein the 
manufacturers shrouded their practices, to expose them correct- 
ly to the world, might, without difiiculty, have ascertained the 
truth or falsehood w that to which they were affixing the stamp 
of their authority. The course which they pursued would as- 
suredly fail of success in the present day, when an acquaintance 
with chemical phenomena is no longer confined, as it formerly 
was, to a few among the rarer order of students, and such er- 
rors, would he certain of confutation at the moment of their pro- 
inulffRtion. 

G 
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Purple and vioiet oolars are procured bjr disBcdviBff gold in 
aqua regia (nitro-muriatic acid), aiid immerBing a bar or pure tm 
in the solution. The product thus obtained is called, fjscsa ite in- 
ventor, the purple precipitate of Cassius, and is used very gen* 
erally for giving the above-mentioned colors to pcicelam. A 
preferable way of preparing this precipitate is to dissolve the 
two metals separately, and by th^ hrugiog the soliitions to* 
gether in different proportions, various slides of caimiiie, vio- 
let, and purple are obtained. The first of these three tints is 
seldom used in porcelain works, for although extremely beanti- 
ful, it is also very transient, and may be eiuily spoilt by a smaU 
excess of heat, or by the contact of carbcmaceous vapors, a^iiw 
comstance which-is the less important, as its place may be well 
supplied by a rose color obtained from iron, and which is not 
liable to the same disadvantage. Carmine color, when used fcr 
tender porc^ain, is prepared with fiilminating gM (made by 
dissolving the metal with aqua r^pa and precipitating with am- 
nkmia), and muriate of silver. This compound is without any 
addition of tin, which shows that an union of the oxide' of tin 
with that of gold is not necessary — as many have supposed — 
for the production of purple. 

Violet color is also made with the purple oxide of gold, re- 
quiring the presence of some nprtion of lead in tlie flux tor the 
development of this shade. These three colors cannot bear 
exposure to the full heat of a poi^lain furnace, in which they 
would wholly disappear. In using the precipitate of gold, it is 
mixed with about six times its own weight of flux, and is em- 
ployed without previously fusing the two bodies together. 
When first applied on the porcelain, it is of a dirty violet color, 
but by exposure to heat this passes to a most beautifiil purple. 
It is recommended to employ charcoal as fuel in baking this 
color. Frequent exposure to the fire will materially impair its 
beauty. 

Red oxide of iron, prepared by thb united acticm of fire and 
nitrio acid (the aqtiafbrtis of commerce) yields a red cd[(»r, 
which, although beautiful, is less brilliant than that produced 
from gold. As already stated, it is, however, preferable on ac- 
count of its less liability to change. Shades of red, deepening 
from rose color, and passing by the increased application c? 
heat to brown, are obtained fiom iron. The flux employed with 
this oxide is composed of vitrified borax, sand, and a small pro- 
portion of red lead, and the color may be used either with or 
without previous fusion with its flux. By the mixture of black 
and red oxides of iron, in different proportions, various shades 
of reddish Inown, chestnut; &;c. are d)tained. Red telors pro- 
duced fVom iron car^npt bp ijs^ on tender porcelain, si^pe ^ey 
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disappear, in that case, on exposure to heat This effect must 
be ascribed to the presence of lead in the glaze. Several ex- 
periments, conducted by B£ Brongniart, have proved this ftct 
beyond all ccmtroversy. 

A very permanent red cdor is procured by calcining the ox- 
ide of iron with double its own weight of common salt (chlo- 
ride of sodium). The processes us^ for this purpose must be 
carefully conducted, and the salt purified and decrepitated^- 
that is, subjected to the action of heat until all crackling 
noise has ceased. The oxide is procured by dissolving iron 
filings in nitric acid, and precipitatmg with salt of tartar (sab- 
carlwnate of potass). The precipitate must then be placed on 
a thin sheet of iron, and exposed under a muffle to the heat of 
a charcoal fire, until it has taken a fine red color. The two 
substances having been well triturated together in a glass or 
porcelain mortar, are then calcined- in a crucible, and the oper- 
ation should be carried as fiir as possible, without occasioning 
the vitrification of the mass. When taken from the fire and 
cooled, the compound is again triturated ; successive portions 
of hot water are poured upon it, stirred, and then removed, 
until the water is no longer colored. The fluid thus tingedr 
is allowed to settle, and is, when clear, poured from the sedi- 
ment, which is then washed five or six times in fi*esh portions 
of clear water. 

To obtain yellow colors, for both hard and tender porcelain, 
white oxide of antimony, mixed with sand and oxide of lead, 
are employed, the latte^ substance serving as a flux to the 
others. Great carefiilness is required in the preparation, as the 
lead frequently approaches, by reason of the heat, to a metallic 
state, and, in that case, appears in the form of black spots on 
the wares. Oxide of tin is sometimes added, and when the co- 
lor is required to be livelier, and approaching to that of safiinon, 
red oxide jof iron is added, the too great redness of this being 
subdued by the action of the lead, in the fusion which the ingre- 
dients undergo, previous to their application on the porcelain. 
The colors thus produced are not susceptible of change, but if 
exposed to the full heat of a porcelain furnace would be en- 
tirely dissipated. 

Oxide of uranium, mixed with oxide of lead, produces a 
straw color. By decomposmg chromate of potass, with nitrate 
of lead, which is a saturated solution of lead in nitric acid, chro- 
mate of lead is precipitated, and this proves a very excellent 
yellow color^ 

Naples yellow is composed of 24 parts of ceruse, 4 parts of 
oxide of antimony, and one part each of alum and sal ammoniac 
(muriate of ammonia), calcined together at a moderate heat 
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durijQff three houra The shade is varied by inoreasang or di- 
minisning the proportion of sal ammoniac. The quantity of flax 
that must be combined with this dblor for use is uncertain, and 
must be matter for experiment with the manu&cturer. 

For the production of blue^ well prepared and veiy pure 
oxide of cobalt is employed, mixed with a flux. Oxides'of tm 
and of zinc, added in different prqx)rtion8, give difl^rent 
shades, from a deep rich color to a light blue. /^ the oxide of 
cobalt is volatilized at a high heat, it is impossible to place in 
the same case, white pieces, and such as are painted blue ; 
since the former would certainly assume a bluish tint in the 
operation of baking. This difficulty does not occur with tender 
porcelain, on which the cobalt is not volatilized as in the other 
case, owing to the heat being very inferior to that used in ba^ 
king hard porcelain. These blue colors, if they have been pre- 
viously fused, do not change at all afler their application. The 
rich smalt, known under the name of azure-blue, is only the 
glass of cobalt, mixed with sand. This color must be Ibsed in 
a crucible, and reduced to an impalpable powder in an agate 
mortar, afler which it may be used in combination with flux. 

Prussian blue, which results from the union of hydrocyanic 
acid with oxide of iron, is very extensively used in the arts ; 
and being prepared on a large scale for sale, in various parts of 
the kingdom, no manufacturer of porcelain will undergo the 
trouble, or encounter the unpleasant ch*cumstance6 attendant 
upon its preparation, but will rather obtain the comparatively 
small quantity he may require by purchase. 

Green oxide of copper is usually employed for the production 
of a green color. On precipitating in difierent vessels, by means 
of potass, solutions of copper which are equally pure and con* 
centrated, it is perceptible that the precipitate is formed more 
quickly in some vessels than in others; and if these diflferent 

I>roducts are separately collected, those which are mpst prompt- 
y formed are, when dried, of a fine bright green, and produce 
a corresponding color on porcelain; while those precipitates 
which are deposited more slowly, form earthy and less dense 
particles of a much darker hue, and which, when applied to por- 
celain, yield a less pleasing color, and pass sometimes to black 
during the baking. If^ however, the precipitated oxide is pre- 
viously fused with its flux, this change need not be Apprehend- 
ed. Very pure oxide of copper is frequently procured by pla- 
cing sheets of the metal in tlie oven wherein the ware is glazed. 
Mixtures of yellow and blue are sometimes used in. the compo- 
sition of gr**en colors : some of these will not exist in the heat 
of a porcelain furnace. Various shades of beautiful green may 
be obtained, by mixin;j[, in diffprent proportions, Prupsian Wne 



CUAF. VI. APPLVIIIG COLORS AND KNGRAVINGS. 77 

with the chiomate of lead already described. A mixture of the 
oxides of cobalt and nickel, will resist a very intense heat, but 
does not produce a genuine green: it is rather an olive color. 

Oxide of chromium gives a beautiful green color, > which is 
indestructible in the heat of a porcelain fimiace. That class of 
green colors, called celestial blues, can only be applied, accord* 
ing to Brongniart, on tender wares: being partly composed of 
potass, they scale off from hard porcelain. 

Different shades of light and of deep rich brown are obtained 
from mixtures of the oiddes of iron. These must be fused 
with thin flux before they are used, after which fusion they do 
not undergo any change on the application of heat Russet 
grounds, Imown under the designation of tortoise-diell, are pro- 
duced in this manner. Felspar is employed as a flux with these 
colors. 

There is not any metallic oxide which alone will give a good 
black. Oxide of manganese approaches the nearest to it The 
black oxide of iron yields a very dull color, which sometimes 
changes to red. The color-makers therefore unite several ox- 
ides together, and thence obtain a very beautiful black. The 
oxides thus combined are of manganese, the brown oxide of 
copper, and a small proportion of &e oxide of cobalt A gray 
color is obtained by omitting the copper, and increaang the 
proportionate quantity of the flux. 

Cobalt, oxide of copper, and umber, in equal parts, reduced 
together to an impalpable powder in an a^te mortar, prove a 
very good black. This must be used with three times its 
weight of flux. Another black is composed of four parts oxide 
of copper, oae part of smalt, and one part of black oxide of iron, 
which, like the former compound, must be rubbed together to a 
fine powder, and used with three parts of flux. 

In the ** Aainales de Chimie et de Physique," (VoL 20. 1822); 
directions are ^ven for the preparation of a beautiful black en- 
amel, the verification of wnich on the part of our porcelain 
manufacturers is perhaps desirable. The experiment necessary 
for this purpose mis^ht ha^o been somewhat simplified, if the 
artist by whom the directicms are communicated had stated the 
proportions wherein the ingredients should be brought together. 
The formula directs that chloride of platina, diaaolved in water, 
should be mixed with nitrate of mercury. By then subjecting 
the precipitate which will be formed to a heat just sufficient' to 
volatilize the proto-chloride of mercury, a black powder will be 
obtained. This is the enamel, which must be applied in the 
usual manner, in combination with a fluxing material. 

M. de Montamy in his treatise, to which allusion has already 
been made, gives a recipe for composing a pure white color, 

G2 
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which ifl found very serviceable by the French artists in form- 
ing their series of shades, as well as in the compositi(»i of those 
parts of their designs wMch require to be represented in a IhiI- 
liant white. This color is composed of one part of virgin tin, 
and two parts of common salt The latter must be thoroughly 
purified, by first dissolving it in distilled water, then filtering 
the solution through paper, and afterwards evaporating it to 
dryness over the fire in a porcelain capsule. The salt, which is, 
by this means, made extremely white, must be fbrther exposed 
to heat in a crucible, until all decrepitating noise has ceased. 
The purification will be yet more perfect, if, after filtering it, 
the solution is partially evaporated, and then placed in a cool 
situation to crystallize slowly. Those artists who are the most 
particular in their processes, select preferably from the rest 
such crystals as take the form of cubes. The next part of the 
process is to place a crucible on the fire, well covered, to pre- 
vent the entrance of smoke or ashes. When this crucible is at 
a red heat, the tin is introduced, and is left until it is not only 
fused, but red-hot, at which time the purified salt is added in 
the proportion already mentioned. Talking then a clean iron 
spatula, the end of which must be previouslv heated, the mix- 
ture is stirred until the substances are well incorporated to- 
gether. The crucible being then again covered, is to be sur- 
rounded with burning charcoal, and from time to time, the 
spatula, which must he always perfectly clean and hot, should 
be introduced to agitate the mass. When the end of this spat- 
ula, in being tempered by the heat of the crucible, begins to grow 
white, it is a sign that the calcination is carried sufficiently far, 
and that tlie crucible should be removed from the fire ; the cd- 
cination usually occupies an hour for its completion. The com- 
pound should next be bruised in a mortar of glass or of agate, 
and again placed in a crucible which is set in the midst of 
burning coals and covered with a mufile. The heat is then 
raised gradually, and contmued during three hours, when, on 
removing the crucible from the fire, the color is feund to be 
hard, and requires some force to detach it from the vessel 
This done, it must be pounded in a mortar, and washed in hot 
water that has been filtered or distilled, and fre^ p(»ti(»i8 of 
water added, until the fluid has no longer any taste of salt 
The white color is afterwards to be boued violently with an 
abundance of water in an earthenware vessel for two hours, 
supplying hot water during that time to replace the porticm that 
is evaporated. When the supernatant water has become clear 
by standing, it must be poured ofl^carefnlly. 

This white may be advantageously employed in punting with 
oil, as it mixes well with it Wlien used on porcelain, it matt 
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be mixed with three times its weight of flux. The jHreparation 
of this color will not succeed unless the tin is extremely pore, 
and it is essential that the nicest possible degree of cleanliness 
should be observed throughout the operations. 

By making different mixtures of the various colors -here de- 
scribed, every hue that can be desired may be obtained. It is 
not, however, so easy, as wittiout due consideration it might 
appear, to produce these various shades. Great judgment in 
the selection of materials, carefulness in their preparation, and 
knowledge as to the relative proportions wherein they should be 
brought together, are essential to success ; and an acquaintance 
with the science of chemistry is highly desirable. There are 
some colors which, if mixed, would mutually destroy each other, 
and on the exposure of metallic oxides to heat, changes ensue, 
which result not from the nature and habitudes of the colors 
themselves, but rather from the influence of the bodies to which 
they are applied. 

It would be scarcely possible to treat satisfactorily upon the 
inciting causes of all these variations, a full knowledge of which 
can result alone from the practical experience of the artist and 
manu&cturer. 

Many potters do not prepare their own enamel colors, but 
purchase wliat they require n-om persons who manufacture them 
for sale. Some of thtee preparations are exceeding costly, and 
as the temptation to adulterate them is consequently great, the 
potter should have good reason to rely on the probity of the 
color-maker with whom he deals. A fraudulent mixture, the 
detection of which would be impossible before its use, except 
by means of a chemical analysis, might be the occasion, in its 
results, of severe loss and disappointment With the exception 
of the great works at Sevres, this system of purchasing their 
enamel colors has, for many years past, been very general among 
the potters of France. In a report meule to the French govern- 
ment, by a commission appointed in 1819, to examine into the 
progress of manufacturing industry in that country, occasion 
was taken for offering congratulations upon this establishment 
of an independent occupation, as marking the great extension 
of the porcelain manu&cture, and as (Sering. to the artist 
means of obtainin^g^ every shade of color, prepared by persons 
whose interest is involved in ascertaining their effects when 
submitted to the heat of the furnace, thus removing all imcer- 
tainty from the operations of the painter, and rendering it un- 
necessary for him to suspend his work that he may prepare his 
colora 

The gold used in gilding porcelain is applied in a metallic 
state. To prepare it for this purpose, it is diawlved in aqua 
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regia, and the acid being afterwards dissipated by the applica- 
tioii of heat, the gold remains in the state of powder at the bot- 
tom a£ the yeasd. This powder must be mixed with borax 
imd gum-water, as a yehicle for causing it to flow from the 
pencU and fix upon the wares ; which l^ing then baked, the 
gilding appears void of lustre, and requires to be afterwards 
burnished with either agate or blood-stone. 

Gold and silver Itistre-ware is comm(»ily <^an inferior quality. 
The metallic oxides used for covering these vessels are inti- 
mately mixed with some essential oil, and then brushed entirely 
over their sur&ces. The heat of the enamelling oven, which 
dissipates the oxygen, restores the oxides to their metallic state, 
but with some duninution of brilliancy. The oxide of plati- 
num is used for making silver-lustre. 

Colors, when they are required for use, should be first 
pounded quickly in a mortar made of either agate, porcelain, or 
glass, widi a pestle of the same material, aii^ covered to pre- 
vent the access of dust They must be afterwards ground on a 
glazed palette, firmly bedded in plaster on a wooden firame, and 
perfectlj^ level. The artist who decorates porcelain is mjuired 
to rub his colors with as much nicety as is used by miniature 
painters, so that there must not remain the least perceptible 
roughness, either under the muller or between the fingers. The 
requisite proportions of volatile oil and of flux are added and 
ground with the colors' on the palette, the whole having bSen 
carefully weighed before their union. The general rule is tc 
put five parts of flux to two parts of coloring matter : but some 
colors, as already mentioned, require more, while with others 
this proportion would be too great Smalt requires to have 
combined with it only half the sum of its owif weight 

The artist must be attentive to grind his colors with the 
smallest quantity of oil that will suflice; if this should be in ex- 
cess, it may in evaporating leave spaces between the particles 
of color, and the subject would appear veiy imperfectly exe- 
cuted. The fluidity of the mixture should be kept at that ex- 
act point which enal^ the artist to produce the finest strokes 
with clearness and facility. 

Before the pieces which have been painted are baked in the 
enamelling-kiln, it is necessary to dry the colprs by evaporating 
the oil us^ with them as the vehicle. 

Every considerable pottery has enamelling-kilns of various 
^zes. These are in form like a chemist's muffle, from about 
six to ten feet long, and from three to five feet wide. The ar- 
ticles are piled in the kiln until it is filled, when the moutii be- 
ing closed, fire is applied, and continued for about dght or ten 
hours, at tlie end of which time Hie Colors are found to be burnt 
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into the glaze. In piling the pieces in the kiln, care most be 
used to avoid the placing of any one piece opon the gilt border 
of anotlier. The muffle is provided with trial pieces, which 
can be extracted from lime to time during the baking, and 
which will indicate the general state of the contents of the kite, 
so as to govern the continuance of the operation. No delay 
should occur between the sufficient baking of the colors, and 
the withdrawing of the fire, as their brilliancy would be injured 
by its longer continuance. The contents of the kiln are left 
undisturbed until they are cool, and are tlien withdrawn. All 
impure exhalations are prejudicial to the beauty of colors, and 
every substance whence they can arise should, as far as possi- 
ble, be kept away from the kiln during the process. 

Gilding on porcelain or on glass is performed either with or 
without the addition of a fluxing material, the gold being made 
to adhere to the surface by the incipient fusion of either the 
glazing on the porcelain, or of the sur&ce of the glass, or of the 
flux employed. 

Gold is used for this purpose sometimes in the form of leaf ' 
gold, and at other times in that of powder, prepared either me- 
chanically, or by chemical precipitation. When the first of 
these two methods is employed, leaf gold must be ground with 
honey or with gum-yater of an equal consistence ; the honey 
or gum being afterwards washed away, the gold may be kept 
for use in paper or in shells, and the use of these latter recipi- 
ents has occasioned this powder to be known among artists as 
" shell gold." This precious metal is precipitated from its solu- 
tion in aqua regia, by adding to it a watery dilution of green vit- 
riol (proto-6ul{£ate of iroR) or strips of metallic copper. Gold 
powder may likewise be obtained from the same solution by dis- 
tilling it to dryness ; but this process is not so convenient as pre- 
cipitation. The powder has also been procured by first forming 
an amalgam of the metal with mercury, and then evaporating the 
latter ; but besides being expensive, the fumes of mercury are 
found to be extremely prejudicial to the health of the operators. 

When gold powder is used, it must be mixed with gum-water 
as a vehicle. Where it is intended to apply leaf gold without 
any fluxing material to the body of the wares, these should be 
moistened in the requisite parts with a weak solution of gum- 
arabic, which must afterwards be allowed to dry. When the 
gold is applied, the porcelain or glass may te made sufficiently 
adhesive by breathing on it If a flux is employed, it should, 
after being rubbed very fine with a muller, be diluted with 
weak gum-water, and very thinly spread over the parts which 
it is designed to ornament ;^when very nearly dry, the leaf gold 
IS laid upon it. 
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Japanners' ^bld size, moistened to the requisite degree with 
oil of turpeutine, is sometimes emjdoyed. Waiting Sien imtii 
the size is so far dried as to be only clammy to the touch, the 
gold leaf is laid on with cotton wool. As soon as the gold is 
applied, the ware is placed in an oven or muffle, that it may be 
burnt on. 

Some old authors direct the artist to ftise gold with regulos 
of antimony, to pulverize the mass, and to spread the powder 
upon the parts to. be gilded, exposing the ware afterwards to 
such a heat as will suffice to evaporate the antimony .while the 
gold remains fixed. This method of proceeding is objectiona- 
ble, from the almost impossibility of spreading the powder in a 
sufficiently uni&rm manner, besides which, partof the gold will 
also be carried off, and some descriptions of glass are even fusi- 
ble with the degree of heat necessary for perfecting the process. 

Circular gold lines are frequently described on small articles, 
such as cups, saucers, and plates. To assist him in tracing 
these with accuracy, the artist employs a portable horizontal 
wheel, the height of which may be adjusted at pleasure, accord- 
ing as the nature of the work requires it to b^ performed in a 
standing or a sitting posture. The lower part of this wheel is 
somewhat similar to the leg and feet of a claw table, the leg 
being bored out for the reception of a stQut metallic wire, the 
altitude of which is regulated by means of a thumb-screw. 

The upper or movable part of the wheel has a like tubular 
cavity in its vertical part, by means of which it is dropt on to 
the upright wire, and is made to rest upon a shoulder fixed on 
the wire, so that the wheel may be made to turn truly upon 
this as its axis : the whole is surmounted by a horizontal table. 

In proceeding to use this machine, the artist places his feet 
firmly upon the base of the wheel, and fixing the article to be 
ornamented upon the table, he causes the revdutum of the 
wheel with his left hand, and holding his brush s|:eadily in the 
other, describes the circles with the utmost facihty and accu- 
racy. 

Burnishing, which is the last process performed in the manu- 
&cture of ornamented porcelain, is usually intrusted to female 
hands. The implements required for this purpose are, a bom- 
isher of agate or blood-stone, some white lead, a piece of dieep- 
skin for wiping the ware, and some vinegar. As extreme 
cleanliness is indispensable, the person eng^ed in burnishing 
does not even touch either the porcelain or her implements, 
but interposes between them and her hands a piece of clean 
white linen. The a^te burnisher should be ap|died lightly 
on the gilding, followmg all the ornaments, and, never rubtung 
in cross directions, lest the gilding should appear scratched. 
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After having rubbed the gilding fi>r some time, a little vinmur 
or white let^ should be appli^ to cleanse the surfiice. l^iis 
being removed with a soft linen rag, the burnishing is recom- 
menced, and continued until the gilding throughout assumes a 
satisfactory appearance. 

It will be remembered, that in the preceding description of 
the colorB used in painting porcelain, several were mentioned 
as being unable to support the heat of the gloas-oven. Others, 
however, have not this disadvantage, and will bear the highest 
temperature without injury. Where colors are applied directly 
on the biscuit, no oil is ever ground with them, but they are 
mixed with water only, and the glaze may be added without 
any intervening application of heat The temperature of the 
enamel-kiln is usually about six degrees of Wedgwood's 
pyrometer, answering to 1857 degrees of Fahrenheit's scale. 

In the year 1817, the Socie^ for the Encouragement of Arts, 
&c., awarded a premium to mx. R.'Wynn, for a list of receipts 
communiqated by him, for the preparation of enamel colors and 
fluxes. A copy of Mr. Wynn's paper is inserted in the Sdth 
volume ciihe Transactions of that Society. 

The fluxes are, No. L Red lead 8 parta 

Calcined borax . . 1^ 
Flint powder ... 2 

» Flint glass 6 

Na 2. Flint glass .... 10 
White arsenic ... 1 

Nitre 1 

Na a Red lead 1 

Flint glai9B 3 

Na 4 Red lead 9} 

Borax, not calcined 5| 

Flint glass 8 

Na 5. Flint glass 6 

Flux, Na 2. .... 4 

Replead 8 

The ingredients fbrmmg each of these fluxes are melted to- 
gether, and the compounds are then finely pounded for use. 
The recipes for colors are as follows: — 

Yellow. Red lead 8 parts. 

Oxide of antimony .... 1 

White oxide of tin .... 1 
Mix the ingredients well in a biscuit>ware mortar, and havii^ 
put them on a piece of Dutch tile in the muffle, make it grad- 
ually red-hot, and suffer it to cool. Take of this mixture 1 part ; 
of flux. No. 4, 1^. Grind them in water for use. By varying 



84 .BOMCRLAIX MANUVACTWHE; ' ' CHAP. V^. 



% 



the proponiob of red-lead and antimony, dif^rent- shades of 

color may be obtained. 

Orange, Red lead 12partaL 

Red sulphate of iron ... 1 

Oxide of antunony .... 4 

Flint powder 3 

aftor calcining these without melting, fuse one pert ef tite com- 
pound with 2| parts of flux. 
Dark-red, Sulphateof iron, calcined dark . . 1 part 

Light-red, Red sulphate of iron, . . 1 part 

Flux, No. 1 3 

White lead . II 

Brown, Manganese ....... 

Red lead 

F^int powder 4' 

The style of decoration described in the precedkig pages of 
this chapter, is in a greet measure confined to the most costly' 
descriptions of porcelain. Wares which are fitted by their 
price for being thought into more general use, undergo a differ- 
ent kind of embelUAment A great variety of neatly executed 
patterns are transferred to their surfaces from impressions pre- 
viously printed on paper. Before the introduction of this style 
of ornament, table services of home manufacture were either 
composed of plain QueenVware, with occasionally a colored 
edge ; or at best wore furnished with a painted border, which 
displayed but little taste in its conception, or ability in its exe- 
cution. This nK)dern improvement has added materially to the 
decent comforts of the middle classes in England, and has more 
than any other circumstantie contributed to the great extension 
of our trade in earthenware with the continent of Europe. 
When first invented, and for some time afterwards, the designs 
employed were only imitations of figures and objects seen on 
old blue China porcelain; but a better taste has since prevailed, 
and artists employed in the composition of patterns no longer 
think it necessary to outrage truth in their representations. 
Landscapes and figures, in conformity with tlie simplicity of 
nature, and exhibiting a considerable degree of taste, are now 
60 common, that this new advantage derived from the printing- 
press is enjoyed without exciting attention or commanding ac- 
knowledgment 

The method of transferring printed designs to earthem ves- 
sels is thus pursued. The landscape or pattern is eiigraved 
upon copper, and the color, which is mixed with boiled linseed 
oil, is laid on the plate in the same manner as ink is usually 
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applied by copper-plate printers. To increase the fluidity of 
the oil, the plate is then temporarily placed in a stove, a dfieet 
of damped tissue paper is laid on it, and both are passed in the 
ordinary manner through the press. The paper, wet with the 
color, is theil delivered to a girl, who reduces its size by cut- 
ting away the blank portion surrounding the pattern, and passes 
it to another girl, by whom the impression is applied lightly 
to the ware when in the state of biscuit A third girl is next 
employed, who, with a piece of woollen cloth rolled tightly in 
the form of a cylinder, rubs the paper closely against the piece, 
in order to press the color sufficiently into its substance. The 
paper thus rubbed is left adhering to the article for an hour, 
when both are placed in a cistern of water, so that the paper 
becomes soft enough to be peeled off without violence, having 
transferred to the biscuit the impression which it had received 
from the copper-plate. 

When the pieces thus printed have stood a sufficiently long 
time to become dry, they are placed in an oven, to which a 
gentle heat is applied, in order, by dissipating the oil, to pre- 
pare the wares for receiving . the glaze. This is, of course, 
completely transparent, as otherwise the distinctness of the 
pattern would be impaired. 

For a long time blue, produced from the oxide of cobalt, was 
the only color employed ; but, of late, the potters have extend- 
ed to this pleasing branch of their art all the colors on their 
palette. 

The glaze on printed goods is vitrified in the gloss-oven in 
the manner already described. 

The French potters employ a diiFerent method for transfer- 
ring engraved patterns. They cast a sheet of fine glue, about 
a quarter of an inch thick, and diluted while warm to such a 
degree that when cool it shall be perfectly flexible, and have 
the consistence of leather. This glue being applied upon the 
plate, and pressed with the hand, receives the colors according 
to the pattern, which it gives back to the surface of any vessel 
to which it may be applied. Two impressions may generally 
be given in this manner without a fresh application of the glue 
to the plate. After the second has been impressed, the surface 
of the glue is cleaned carefully with water applied by a soft 
brush, and serves again as before. 

The decoration of earthenware by means of engravings is of 
much more recent adoption in France than in England, — not 
having been used in the former country mitil about the year 
1805. 

In the report made by the Committee appointed to exainine 
into the progress of the arts and manufactures in France, as 
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exemplified by specimens exhibited at the Louvre in 1819, and 
to which report allusion has already been made in this Chapter, 
attention is drawn to a curious process, whereby a porcelain 
manufacturer was enabled, on being fUmished with an en- 
graved copper-plate, to produce impressions on any scale tbat^ 
might be requir^ whether larger or smaller than the original. 
For this purpose no second plate of copper was needed ; and 
the enlarged or diminished copies might be furnished in the 
course of a very few hours, it is to be regretted that no de- 
scription was given of the means employed for effecting this 
curious process; but the Committee, who personally witness- 
ed its execution, expressed themselves perfectly satisfied as to 
its efficiency, and awarded an honorary gold medal to the in- 
ventor.* 



CHAP. vn. 

ON THE MAinJFAGTURE OF TOBACCO PIFEB. 

This Manufacture proeecuted to a great extent. — Description of Material. — 
Rolling.— Boring.— Moulding.— Polishing.— Baking.— Description of Kiln 
— Of Crucibles.- Manufacture in Holland.— Originally conveyed there 
from England. 

The manufacture of tobacco pipes forms a branch of the 
potter's art, which has acquired considerable importance from 
the^extent to which it is prosecuted ; and it is at the same time 
interesting from the nature of the processes employed. A short 
account of these will, therefore, not be thought misplaced in 
this treatise. 

The clay chiefly employed for the purpose is found in the 
island of Purbeck, in Dorsetshire, and is preferred on account 
of its extreme whitenes& Previously to being used, it must 
be diligently purified from all extraneous matters. The means 
employed for this latter purpose, being the same as have al- 
ready been described, their recital may be omitted here. 

When the purification is accomplished, and the clay has been 
formed into cubical masses, weighing each from eighty to one 
hundred pounds, the workman from time to time cuts off small 
portions, each sufficient to form one pipe, and, first kneading 
them thoroughly upon a table, rolls them out to nearly the 
form and size of pipes, leaving a bulb at the end for the forma- 
tion of the bowl. In this operation, the skill of the man is 
made apparent by the near approach which this roll makes to 
the dimensions actually required. Persons who have had a 
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competent experience will succeed in this respect to such a 
point as completely to fill the mould, to which the rolls must 
afterwards be transferred, leaving but little surplus clay to clip 
eway. 

Fig. 5. 



^ 



When the rolls have been formed for a short time, and by 
that means have become sufficiently hardened, the workman 
proceeds to bore the stem by introducing an iron needle. This 
part of the manu^ture calls for a great deal of address, and 

Fig. 6. 



can only be satisfactorily accomplished afler long practice. In 
performing-it, the roll is taken between two fingers, which fol- 
low the point of the needle in its course through the whole 
length of the stem. Near to its point the needle has a circular 
enlargement, the progress of which may be felt through the 
substance of the clay ; and thus the execution of the task is 
somewhat facilitated. The bore must be made as exactly as 
possible in the axis of the stem ; and, in forming it, the needle 
must be pushed forward by means of its wooden handle, with 
a gentle and equable pressure. The part which is to form the 
head or bowl of the pipe is then bent so as to give it the proper 
inclination. 

The mould, into which the stem is next placed, is of copper, 
and divided into two similar parts. On being put to use, the 

Fig.t. 




whole interior surfiice of both sections must be slightly touched 
with a brush containing some very limpid oil, that the stem 
may be aflerwards delivered from it without difficulty. The 
roll of clay being placed in one section, 'the other is fitted to it 
according to marks previously made, so as to insure the perfect 
correspondence of the two parts. The mould is then subject- 
ed to the action of a small iron press, in which the two parts 
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ore forced together by means of nuts and screws ; and by this 
means its exterior form, with all its omamei ts, is at once ^von 
to the pipe. 

The head or bowl has yet to be fashioned. This is in part 
effected by the fore-finger, and more perfectly thereafter by 
means of a stamp or form attached to the mould, and which by 
the action of a lever is introduced within the hollow which the 
finger has made for the purpose. The bore of the stem is then 
continued into the bowl, by pushing the needle up to its handle ; 
any excessive quaiitity of clay that may have been used is next 
cut away, and the pipe is smoothed by means of an iron or cop- 
per blade. 

The pipes as they are formed are spread out and arranged 
upon a board, that they may be still further dried ; and when 
they have acquired a certain consistence, any roughnesses that 
may appear upon the bowl are rubbed away with an appropri- 
ate horn instrument, which is provided with a groove, of which 
the workman avails himself to perfect the circular form and to 
smooth the edge of the bowl. 

After this the pipes are placed a second time in the moulds, 
that any imperfections which they have acquired in their shape 
may be remedied ; and they are then leffc until sufficiently hanl- 
enod to receive the last polish, which is given by rubbing them 
with flints bored with holes, some of which are of the same di- 
ameter as the stem, while others will admit the. head of the 
pipe. If it should then appear necessary, the' workman retouch- 
es the different ornaments on the pipe with a kind of bodkin, 
and the needle is withdrawn from the stem. 

These various operations, which bear an appearance of com- 
plexity in the narration, are yet so easy of accomplishment, 
that a clever moulder will furnish 3500 pipes in a week. 

The kiln used for baking the pipes is cylindrical ; having a 
circular fireplace at its bottom. With the exception of the 
splices required for. the circulation of heated air, tlie interior 
of the kiln is occupied by crucibles, wherein the pipes arc 
placed. These crucibles, which are made very thin, are com- 
po3od of the same clay as the pipes, and are strengthened by 
the insertion of broken pipe-stems. The bottoms are framed 
of tliese stems, radiating towards the centre, and having the 
interstices plastered with pipe clay. The top of each is dome- 
shaped ; and a pillar of clay is placed in the centre through the 
whole altitude, which serves at once to strengthen the crucible, 
and to support the stems of the pipes. The side of the cruci- 
ble is provided with six horizontal ledges, proceeding at equal 
distances all round, and upon these the bowls of the pipes are 
arranged, while the stems are made to lean against the central 
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pillar. The crucible ia capable of containing in these ax di- 
visions fifty grora of pipes; and, if the heat of the fiirnace ia 
properly loauaged, these will be sufficiently baked in seven oi 
eight boiiT& 

Fig. 8 




The property poseseed Vf bitacco jupea o _ 

the tongue, ia owine to the great affinity which the cUy hu 
tot water: thia qaality is much increased by the baking pro- 

The manojkctiire d* tobacco pipes is prosecuted to a very, 
considerable extent in Holland, whence large quantities bavn 
long been exported annually. For the introduction of this art 
the Dutch are indebted to this country; in proof of which as- 
sertion, Mr. HoUie, who passed through the Netherlands in 
1748, meotioDs that, bavine visited very exteosive pipe-works 
at Gouda, he was iufismea by the master of it, tlmt even to 
that day their principal working tods bore Wngliah names. 
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CHAP. vm. 

ON THE PORCELAIN MANUFACTURE OF CHINA. 

Obscurity wherein its Origin is shrouded — Chiefly practised at King-te- 
Ching.— Supposed Superiority of Old China Ware. — Materials employed. 
— Kao-lin — Pe-tun-tse— Their Preparation. — Oils or Varnishes — Their 
Composition.— Hao-che — Its Superiority to Kao-lin.— Analysis of Kao- 
lin.— Extent of Factories at King-te-Cbing.— Oreat Number of Workmen 
employed.— Preparation of Materials. — Method of fashioning Utensils. — 
Moulds.— Division of Labor.— Deficiency of Chines^ in the Art of Design. 
— Their Excellent Colors. — Numerous Hands employed in Decorating each 
Piece.— Bad Effect of this System.— Blue long the only Color used for 
Painting China Ware.— Mode of Preparing various Colors. — Chinese ig- 
norant of Chemical Science.— Umiam.—'!ftou-tchi.—Kia-tsing — Method 
of forming it.— Chinese Furnaces. — Passion for Old Porcelain. — Ku-tong. 
— Mock Antiquities.— Reasons for Costliness of China Ware in Europe. 
—High Prices formerly paid in China. — Finest Specimens not brought to 
Europe.- Porcelain Tower at Nah-king. — Chinese Potterp prepare Mate . 
rials for the Use of their. Descendants. — Commoh Wares made in China. 
—Attempt of the Emperor to transfer the Manu^ctore to Pekin. — His 
Want of Success. 

No success has attended any effij^ts that have been made to 
discover the origin of the art oimaking porcelain in China, 
and the date of its invention remains veiled in obscurity. The 
most that is known on this head is gathered from the written 
annals of Feou-leang, a city belonging to the same district of 
. the empire as King-te-ching, wherein it is recorded that, from 
the time answering to the year 442 of the Christian era, the 
last-mentioned place has enjoyed the honor of supplying .the 
imperial court with porcelain, and that one or two mandarins 
have usually been deputed from Pekin to inspect this part of 
the workman's labors. The invention of the art would assiured- 
ly date from a much earlier period than that here mentioned ; 
as it would be long ere the manufacture arrived at such a state 
of perfection as to render it an object of interest to the court. 

It is a very common opmion in China, that the porcelain 
ware made by tfieir ancestors was superior in quality to any 
more recently manufactured. This belief is grounded oh the 
fact, that pieces of porcelain are frequently dug from the earth, 
which are uniformly found to !)^,of the very finest description. 
It has been remarked, that this fact is not by any means con- 
clusive evidence upon the subject; the buried pieces were 
most probably concealed, during periods of civil commotion, on 
account of their value, and in order to preserve them for their 
owners, who were without an equal inducement to bury arti- 
cles of more common use. An opinion likewise prevails, and 
is supported by reference to the same fact, that the quality of 
porcelain vessels is improved in beauty by a lengthened burying 
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in the earth ; and the same answer has been applied to this as 
to the first-mentioned assertion. 

The Chinese employ in the composition of their porcelain 
two kinds of earths, and two oils or varnishes. Of the eartlis 
one, which is called kao-lin, is found intermixed with particles 
of a shining substance resembling mica ; the other is known 
by the name of pe-tun-tse, and is of a brilliant white, exceed- 
ingly fine in its grain, and sofl to the touch. Both these de- 
scriptions of earths are found in mines or quarries situated be- 
tween twenty and thirty leagues from King-te-ching, to which 
place they are brought in small vessels, which are continually 
passing up and down the river of Jao-tcheou for that purpose. 
The hard blocks of pe-tun-tse are cut firom the quarry in the 
form and about the size of our bricks, and are brouglit in this 
state to King-te-ching. The first preparation which these lumps 
undergo, is that of breaking and pounding them coarsely with 
iron mallets, and afterwards more completely in mortars with 
pestles, wrought either by the hand or by a water-wheel. By 
this means the blocks of pe-tun-tse are reduced to an almost 
impalpaple powder, which is thrown into an um-shaped vessel 
nearly filled with water, and then stirred briskly about, that the 
particles may be intimately mixed with the water. When this 
mixing has been effected, and the fluid has been lefl during a 
short time to repose, a white creamy substance forms upon 5ie 
surface, to the depth of two or three inches: this, being 
skimmed oflT, is transferred to another vessel, supplied with 
clear water. The fluid remaining in the first vessel is then 
again stirred up ; another portion forms upon the surfiice, which 
in its turn is removed, and added to the first skimming ; and 
this process is continued as long as any creamy substance can 
be collected from the surface. What remains in the urn-shaped 
vessel has not been sufliciently ground ; and, being collected 
from the bottom, must be again submitted to the process of 
grinding. 

The skimmings are lefl to settle in the second vessel, until 
the solid portion has subsided to the bottom, leaving the super- 
natant water perfectly clear : this is then poured off; the sedi- 
ment is transferred to moulds, wherein it remains until nearly 
dry ;. and the cakes are then taken out and cut into square 
pieces of the size most convenient for use. The pe-tun-tse is 
then in a fit state for combination with kao-lin ; and the squares 
are sold by the hundred to the porcelaui makers. It is not often 
that the manufacturer can venture upon using this material in 
the state wherein he buys it ; the men who have been previ- 
ously employed in preparing the cakes, most generally mix in 
the squares as large a portion of foreign matter as they expect 
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will escape detection : a separation of these previously to the 
employment of the earth becomes, therefore, needful. 

A similar process is followed in the preparation of kao-lin ; 
but this substance being much less bard than pe-tun-tse, less 
labor is required for its performance. 

The two substances described as oil or varnish are procured, 
one from a combination of pe-tun-tse with another mineral sub- 
stance, and the other from lime. In the preparation of the first 
of these, such stones are preferably selected as have the whitest 
appearance. These undergo the same processes of grinding 
and washing as have already been described ; except that the 
creamy substance, when it has subsided in the second vessel, 
is not all put into moulds, but only the upper ^d finer stratum 
is "gathered for the preparation of this varnish. To each one 
hundred pounds of the substance thus separated one pound of a 
mineral called she-kao, which is a kind of gypsum, is added. 
This stone, which resembles ^um in its appearance, is first 
raised in a furnace to a red heat ; and then reduced, by pound- 
ing and rubbing in a mortar, to a very fine powder ; in which 
state its union with the purified pe-tun-tse is effected, the con- 
sistence of the compound being perfectly fluid. 

The preparation of what is called oil of lime, the fourth in- 
gredient required, is thus managed : — Lumps of quicklime are 
first sprinkled with water, and reduced to a powder ; upon this 
a bed of dried fern is placed ; then another layer of lime, cov- 
ered again by fern ; and so on alternately, until the pile having 
reached a moderate height, fire is applied : and when the whole 
of the fern is consum^, the ashes are collected and strewn 
upon fresh beds of fern, which are again fired ; and this burn- 
ing process is repeated five, six, or more times successively, — 
it being held that the more frequently the ashes are burnt, the 
better is the quality of the product Some ancient Chinese 
annals a^rm that, instead of fern, the wood of a kind of medlar 
tree was anciently used ; and that the quality of the porcelain 
was in consequence more beautiful. This wood is now become 
too scarce t6 be employed for the purpose. The lime and fern 
ashes are next thrown into-a vessel containing fair water, and 
she-kao is added in the same proportion as to flie creamy dilu- 
tion of pe-tun-tse. This she-kao dissolves ; and the solid matter 
being separated from the water by subsidence, and removed in 
a tolerably fluid state, forms what the Chinese manufacturers 
call the oil of lime, to the agency of which they attribute all 
the lustrous appearance of their porcelain. Lime, when un- 
combined, is infusible, except at a very intense degree of heat ; 
and the fern ashes thus added, are essential, acting as a flux, 
and promoting the fusion of the glaze in the furnace. In mix- 
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ing these two vami^es together, only one measure of the ofl 
of lime is added to ten measu]:es of that of pe-tun-tse, care be- 
ing taken that the consistence of both is equal. The oil of 
lime is easily, and to the seller profitably, adulterated by the 
addition of water, combined with such a fexther portion of sh©- 
kao as preserves its proper degree of consistency. 

It is said that^ since the time when D'Entrecolles communi- 
cated his observations on the porcelain manufacture in China, 
the potters there have discovered a new species of mineral, 
which can be advantageously used in the preparation of porce- 
lain. This is a species of chalky stone, which bears some out- 
ward resemblance to soap, and is declared to possess considera- 
ble medicinal virtues. It is called hao-che ; and when used in- 
stead of kao-lin, the result is porcelain of very fine grain, ex- 
ceedingly light, and much better qualified for receiving colors, 
but more brittle, and fiir dearer in its cost, than the commoner 
kind of ware, the price of hao-che being three times that paid 
for kao-lin. This new substance, when taken from the mine, 
undergoes the operation-of a careful wasliing, to separate from 
it a kind of yellow earth with which it is always fo\md accom- 
panied : it is then pounded, and treated exactly in a similar 
manner to that described in the preparation of kao-lin. It is 
affirmed' that hao-che, thus purified, is capable of being made 
into porcelain without any admixtmre. 

It is the kao-lin which, although much sofler than the pe- 
tun-tse when taken from the quarry, gives strength and body to 
the porcelain ; and, consequently, this, or some substitute pos- 
sessing the same quality, formd an 'indispensable ingredient in 
its composition. It is related that some Europeans, having pri- 
vately obtained some blocks of pe-tun-tse in China, and conr 
veyed them to their own country, vainly endeavored to convert 
them into porcelain ; which becoming known to some Chinese 
manu&cturers, they deridingly remarked, " that certainly the 
Europeans must be a wonderfiil people, to go about to make a 
body whose flesh was to sustain itself without bones." 

Kao-lin is known, from the particles of mica which it con- 
tains, to have its origin in felspar, or graphic granite. It is in- 
fusible with the heat of a porcelain furnax^e even in China, the 
degree of which must be most tremendous, as some of the ma* 
terials employed in their glazes could not be vitrified at a lower 
temperature than would suffice to fiise Cornish granite. The 
kao-lin quarries of China agree with the mines of Alen^on and 
St Yrieux near Limofi^ where a similar earth is found — all 
of them having a super-stratum of red* friable, micaceous rock, 
of tiie texture of gneiss. The constituent ingredients of kao-Hn 
are found to be — silica 52, alomina 42, oxide of iron 0.33. 
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The factories employed at Kin^e-ching for the porcelain 
manufacture are of great extent They are walled round, and 
contain sheds under which the processes are carried on, as well 
as -dwellings for the workmen. The number of people em- 
ployed in one of these &ctories is veiy great, as must appear 
when it is considered that almost every piece ofj^porcelain pro- 
duced, however small, passes through more than sixty different 
hands before it reaches a state of perfectness. 

When the purification of the two earths has been completed 
by the processes already described, the next operation is to unite 
tnem in the requisite proportions. The relative quantities of 
these materials depend upon the quality which it is desired to 
give to tlie porcelain. — ^For the finest kind, they mix the kao- 
lin and pe-tun-tse in equal quantities, and diminish the propor- 
tion of the former according as coarser kinds of ware are re- 
quired ; but, for the very coarsest descriptions, the kao-lin never 
forms less than one fourth of the mass. 

The most laborious part of the whole operations of the &cto- 
ry, is that of intimately kneading and working the earths to- 
gether, so as to form of the two one homogeneous mass. This 
is performed in pits, which are paved and cemented, wherein 
the workmen continually trample upon the paste, bringing to- 
gether fresh portions by turning it over ; and this work is caa- 
tinued without intermission, one set of workmen relieving an- 
other at intervals, as each becomes fatigued by the labor, until 
the mass is thought to be thoroughly mixed, and has been 
brought to a consistence proper for heing moulded by the potter. 
The mixture is then removed from the pit; and being divided 
into small portions, is again kneaded with the hands upon large 
slates provided for the purpose. Too much careful industry can 
hardly be exercised in this operation. If the smallest drop of 
water or globule of air be lefl remaining in any portion of the 
mass, the article which contains that portion will in&llibly be 
spoiled by the expansion of the fluid in the oven. The smallest 
grain of sand, or even a single hair, lefl in the paste, would be 
equally prejudicial, occasioning the porcelain to run, or crack, 
or warp in the baking'. 

The pieces are fashioned by the Chinese workmen in a man- 
ner so similar to that adopted in our own potteries, that it would 
be useless to narrate the process. 

The moulds used in the potteries of China for forming pieces 
of multiform shape are made in several portions or divisions, 
which are brought together when used. They are made of a 
yellow unctuous earth, which occurs abundantly in quarries near 
to King-te-ching ; and its preparation by kneading and beating 
is very similar to that bestowed on the porcelain earths. When 
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made and used with care, these moulds will last for a long time. 
The Chinese workmen are not content with the work as deliv- 
ered from the moulds, but uniformly finish the article by the 
hand, using a variety of chisels and other tools to touch up the 
various lines and forms given by the mould, as well as to sup- 
ply its probable deficiencies; so that the potter executes, in 
some sort, the art of a sculptor. In works where diflferent ob- 
jects appCMir in relievo, these are made separately, and added 
m the way commonly used in our own potteries. 

It may give some idea of the number of hands employed in 
the perfecting of every piece of porcelain to state what D'EJn- 
trecolles has related to occur with the commonest description 
of tea-cup. The potter has the management of the wheel ; and 
under his hands ihe cup assumes its form, height, and diame- 
ter. It may be well imagined that this workman does not be- 
stow much labor upon his task, when we a're told that for fash- 
ioning twenty-six cups he receives a sum equivalent to about 
three &rthings of out money : the cup, accordingly, is delivered 
by him in a veiy imperfect state to a second workman, who fits 
it to its base. From him it passes immediately to a third man, 
who, by means of a mould, placed on a kind of lathe, corrects 
the imperfections of its shape. A fourth man, by the aid of a 
chisel, corrects the inequalities and unevennesses of the edges, 
and pares the cup to a substance which renders it sufiiclently 
transparent In the course of this operation he has frequently 
recourse to water, in order by moistening to prevent the crack- 
ing or breaking of the cup. A fiflh workman then smooths the 
inside by turmng it gently on a mould. Considerable care is 
required in this stage to prevent any warping or the formation- 
of any cavity in the cup. Other men then, according to the 
description of cup which it is intended to produce,' add either 
the handle, or some ornaments in relievo, or make sunken im- 
pressions. The operation that immediately precedes the first 
baking of the cup, is that of rounding and hoUowing the inside 
of its foot : this is performed with a chisel. 

By this division of labor, the work is found to proceed with 
greater regularity and rapidity. Incessant attention to one op- 
eration, and that of a very simple kind, gives to each workman 
considerable dexterity and facility in its performance ; and no 
time is lost in the changing of implements, as must be the case 
if one man had to conduct the manu&cture through its sieveral 
stages. 

Very large pieces of porcelain are made at King-te-ching. 
Th^e are sometimes of such magnitude, that they must first 
be formed in two, three, or more sections ; each one of which 
requires to be supported during its formation by three, or more 
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men. When the different portions are sufficiently diy, they 
are united together with slip, in the same manner as handles 
are attached ; and tlie seams are smoothed and polished with an 
iron instrument, so that, upon their being aflerwajds covered 
with varnish, it is not possible to discern me points of junction. 

The celebrated traveller Marco Polo mentions the vast ex- 
tent to which the manufacture was carried at the time of his 
residence in the Celestial Empire, and states that eight porce- 
lain cups might then be purchased at the low price of a Vene- 
tian groat* 

Among the Chuiese, the art of design has never advanced 
beyond the very first stepa These people appear ignorant of the 
commonest rules of perspective ; and their drawing, especially 
where attempts are made to describe the human figure, is 
wretched in the extreme. To make some amends for this, the 
colors which they employ are exceedingly lively and brilliant, 
so that European artists have found it a difficult task to vie with 
them in this respect In examinmg the painted porcelain of 
this singular people, one is almost led to imagine that their 
artists have t^en debarred the .sight of the objects which they 
attempt to represent, as otherwise some among them must 
surely have possessed sufficient innate taste to nave led him 
from the general track, and instead of the miserable caricatures 
that disgrace their laborsj to have made some approach towards 
the truth in his delineation of natural objects. 

The system of distributing the work among a great number 
of hands, which is found so successfiil in the formation of porce- 
lain, is also pursued in the painting department One artist 
forms only colored circles about me edges; another traces 
flowers, which a third paints ; a fourth delineates nothing but 
mountains ; a fifth describes water ; a sixth traces the outline of 
birds, which a seventh fills up with colors. Other artists trace 
and color animals ; others again perform the same tasks with 
the human figure, and in this way every object of art and na- 
ture found upon their porcelain is the work of a particular 
artist, who does iiot attempt the delineation of any other sub- 
ject To this system, so useful in conducting every merely me- 
chanical operation, may possibly be owing the contmued ad- 
herence to old and feulty methods. The celerity which, it is 
calculated to produce is unfriendly to the improvements sug- 
gested by genius; and if even one artist among the crowd 
should be found with taste enough to aim at forming and em- 
bodying juster conceptions, his approaches to nature would only 
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* Mar^tden'B tranRlation, 4to edition, page 560. 
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Berve to render more glaring'tlie defonnitics prodaced by hib 
fellow-laborers, and would, therefore, be wholly inadmissible. 

It is said, that for many ages the Chinese used only white 
porcelain. Tradition adds, that its whiteness was most brU- 
uint, that the pieces were altogether faultless, and* that the 
only name by which they were known when exflbrted.to other 
kingdoms was that of ** the precious jewels of jao tcheoo.** 
Blue was the first color wherewith they ornamented pottery, 
bat the emplojrment of all other colors very speedily followed 
upon the introduction^ of this one. At first, and for a long 
time, their blue color was prepared from a very fine kind m 
lapis lazuli, which is native with them ; but tiiey now import 
smalt from- England, at a price so much below that which their 
own pigment had cost, that th^ have abandoned its manu&c- 
tare, and depend upon their foreign supply. The fine deep-blue 
sometime^ found upon specimens of old Chinese porcelain is 
much admired and valued by virtuosi, and it is regretted that 
this color is not used at present It lias been conjectured that 
the Chinese, who unquestionably possess cobalt, most probably 
employed its oxide also in the production of this esteemed blue 
color before they were enabled by their commerce with Euro- 
peans to substitute for it our cheaper pigment; that their 
method of preparing the ore of cobalt was such, that it retained 
the arsenic with which it is always found in combination, and 
that; consequently, its color proved much deeper and richer 
than the preparation made by us from the same mineral Our 
process being performed in a reverberatory furnace, the arsenic 
IS driven oflTin fumes. There are some kinds of cobalt which 
are made to yield smalt without this previous roasting, and the 
superior color which in such case is always produced is attribu- 
ted to the presence of arsenic ; since if this mineral be added to 
smalt while in a state of fusion, the color will beVendered much 
deeper. The preparation of smalt from cobalt without the aid 
of fire is more expensive and the produce less in quantity than 
where the common process is followed. The French manufiic- 
turers procure their smalt by dissolving cobalt in nitric acid 
(the aqua fortis of commerce^, and then precipitating ; and it 
might be well for our porcelam makers to try the effect of this 
method. 

The red color used by the Chinese is made from common 
green vitriol or copperas (proto-sulphate of iron), which goes 
with theni by the name of tsa-fiin. This matoriaJ they calcine 
in a crucible, continuing to apply fire for so long a time as 
thick black fdmes are seen to escape firom a hole made in the 
top of the crucible ; but when these fumes are succeeded l^ a 

I 
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light and thin cloud, they judge that the process has been car- 
ried sufficiently &r, and remove the crucible from the furnace^ 
previously, however, withdrawing a small quantity of the color 
fi>r inspection, as the test here mentioned is not unerring. 
When the color proves good, the crucible is left to cool erado- 
ally, a cake of red matter is then found at the bottom, ana a fijr- 
tlier quantity, in the form of fine powder adhering to its sidea 
lliis latter, beings the purest and finest color, is kept separate 
from the cake. Copperas afiS)rds about one fourth of its weight 
of this color, which alone is used for producing all the various 
shades of red in the porcelain works of Eang-te-ching^ 

White porcelain, made in China, owes much of the fine bril- 
liancy of its color to the oils or varnishes before described; but 
when a brighter and finer hue than can be thus produced is 
needed, a mixture of the following kind is prepared. The 
shores of some of their rivers furnish a species of agate, which 
is without veins and nearly transparent, so that it approaches 
to the nature of crystal This stone is calcined to a white pow- 
der, and then ground as fine as possible. To every ounce of 
this they add two ounces of white lead (ceruse,) also in fine 
powder, and these being mixed with the varnish, the whole is 
laid on the porcelain in the same way as other colors. Accord- 
ing to the descriptions given to us, this compound, besides be- 
ing used for the production of a brilliant white, forms also the 
ground or basis of several other beautiful colors. Their green, 
which is prepared from the oxide of copper, is said to te con- 
verted into a fine violet color by admixture with the white jii^ 
described. Such a change as this must of course be the enect 
of chemical action promoted by the heat of the furnace. The 
mere mechanical mixture of white with green would only re- 
duce the depth of its shade. A very small proportion or the 
white suffices, it is said, to produce a very deep violet, and the 
hue is rendered lighter in proportion as the quantity of white is 
increased. Their yellow is ^dd to result from the mixture, in 
due proportions, of this white with copperas (proto-sulphate of 
iron). The accounts we have of those processes among the 
Chinese, which depend upon chemical laws, are giv^n with eo 
little regard to accuracy, and betray so great a want of scien- 
tific acquirement, that these descriptions of their mode of pre- 
paring colors cannot be received with any satisfaction. 

The Chinese painters of porcelain usually mix their colors 
with gum water, in which a small portion of either saltpetre 
(nitrate x>f potass), white lead, or copperas has been first d» 
solved. Where a red color is used, the porcelain oil or vamidi 
is applied with it This color is laid on the ware when in th« 
state of biscuit, that is, when it has been once in the oven,- but 
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it requires the heat of the second haking to hring out all its re- 
quisite shades and tints. 

Black porcelain, ornamented with gold, knOwn^nder the 
name ofumiantj is much esteemed in the East The black is 
produced by mixing three 4xachms of deep blue, with seyen 
drachms c^ the varnish, which they call oil of stones. The black 
thus prepared is laid on when the porcelain is first dried, and 
when the black is also thoroughly dry, the vessel is baked. 
The gold IS then laid on, and l£e piece is subjected to another 
bQ.king in a furnace peculiarly constructed for the purpose. 
The gold is ground in water to a very fine powder ; and when 
this has been very gradually dried in the shade, one tenth of its 
weight of white lead is added, th^ mixture is incorporated 
• with gum water, and laid on in the same manner as colors are 
appIiS. 

The Chinese have a kind of porcelain, which is in much re- 
pute with them, called Uou-tchi, . This has the appearance of 
having been broken, and of having its fi*actured edges brought 
together and cemented, and then covered with the varnish ori-' 
ginally used. This eflfect is produced through the peculiar na- 
ture of the varnish employed, which never spreads evenly, but 
has a tendency when in fusion to rim into veins and ridges of 
various and uncertain forms. This varnish is made from a sort 
of agate stones, reduced by calcination to a white powder, 
which after being long ground in a mortar is carefully washed, 
and used when of the consistence of cream. ' It has been sug'- 
gested that crystal would probably answer this purpose as well 
as the coarse agates of the Chinese ; and among all the de- 
mands of fashion which is ever seeking for something new, it 
might perhaps serve the interest of some manu&cturer to put 
this suggestion to the proof. 

Another kind of porcelain, much esteemed by the Chinese, 
» is called by them kia-tsing, which signifies pressed a'zure. In 
vessels of this description the colors appear only when the 
cups are filled with liquid. The ma^er of making porcelain 
so as to produce this effect is as follows : — The cup is made 
very thin, and after having beefi once baked, the colors are ap- 
plied in the required forms on its inner surface. When dry, a 
coating of porcelain earth, the same as that already composing 
the cup, must be laid on the inside ; over this, the usual vami^ 
is laid, so that the colored figures are inclosed between two 
coats or bodies of the ware. The outside, already very thin, is 
then ground down almost to the painted figures, which are 
thus made to appear externally, wnen they must be covered 
anew with a coat of varnish so as to be scarcely perceptible 
from the outside, until tlie vessel being filled with liquid, this 
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acts as a Jdnd of foil behind, and throws out the figures ^which 
before were obscured. So much carefuhicss is called Tar in 
the production of kia-tsing, that the art is very seldom pono- 
tised. 

I Another admired art among this people is that of producing 
the semblance of various figures* upon pure wldte porcelain, 
whose sur&ces are yet entirely smooth. Having fiishioned a 
vessel, with the finest materials and extremely thm, it must be 
polished inside and out, when a stamp cut with the requisite 
figures in relief must be pressed upon the inner surfiice of the 
unbaked vessel. The finest white varnish must next be applied 
over its , entire surfaces, so that the cavities impressed by the. 
stamp are filled by it, and the smoothness of the inner smiace 
is restored. When the ware is baked, the varying thicknesses 
of the more opaque varnish will be apparent through the trans- 
parent sides of the cup, and the whole of the figures will then 
be seen as finely and accurately traced as if painted on the out- 
side. 

. The methods employed by the manu&cturers of Bjng-te^ 
ching in applying the varnish, vary with the different qualities 
of the wares under operation. For .very fine and thin porce- 
lain two exceedingly thin, coatings are very carefiilly applied, 
and some dexterity is required, both with re^rd to the quantity 
laid on, and the equable manner of its application. To pieces 
of inferior quality, as much varnish is applied in one coating 
as is comprised in Jthe two'layers just mentioned. The foot of 
the vessel is never properly formed until this stage of the ^ 
manufacture, and after the pamting and varnishing have been ' 
completed, when this part is finished on the wheel, and var- 
nished likewise. The work is then fit to be placed in the oven. 
The construction of fiirnaces and the system followed in 
baking porcelain in China differ so little from the structure and 
method pursued in England, that little need be said here con- 
cerning them. It has already been mentioned that the nature 
of the materials employed calls for a much higher degree of 
heat than is necessary iS our potteries. To msure this, the 
Chinese are very careful in providing a rapid draught, and in 
the incessant feeding of their furnaces with small billets oi 
wood, so as to insure its most rapid combustion. The learned 
Jesuit D'EntrecoUes observes, as a thing quite unaccountable, 
and even inconceivable, if he had not witnessed the fact, that 
notwithstanding the enormous consumption of wood during so 
many hours, none of its ashes are ever found upon the hearth 
of the oven. There would have been greater reason for aston- 
ishment had tlie contrary fact appeared. The rapid idraught 
excited by the disposition of the oven, and the excessive degree 
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of its temperature, would serve to carry away completely 
through the flue so light a substance as wood ashea 

The taste for old porcelain appears to prevail fully as much 
in China as it has ever done in this country. It is asserted by 
some persons, that such as was made in former days was not 
only composed of finer materials, but was more perfect in the 
mode of its manufacture. Un^rtunately for this assertion, 
there are workmen at King-te-ching, who make it their occu- 
pation to counterfeit these much-coveted relics of antiquity, 
which are called kurtong, and in this they succeed i^ as to de- 
ceive the most observant connoisseurs. In the preparation of 
these mock antiques there is but little variation 4om the metli- 
ods usually practised. They^ are made tliicker than modern 
porcelain, and are made to undergo the ceremony of burial for 
oae or two months in the most lothesome sink of fllth which 
can be found, by which means every appearance of newness is 
effiiced. 

Several reasons are assigned for the high price at which 
Chinese porcelain is sold in Europe. One of tiiese is, that owing 
to their very unscientific manner of conducting the baking 
process, it rarely happens that some, and sometimes a very con- 
siderable portion, is not spoilt by unequal or excessive heat, and 
converted to a deformed and shapeless mass. Another reason 
for deamesB is, the constantlv dimuiishing supply of the mate- 
rials used, and more especially of fuel, which becomes v^ry ex- 
pensive. It is added, that as those pieces which are prepared 
Knr the markets of Europe, are of patterns unacceptable to the 
taste of home consumers, and as the fiu;tors are exceedingly 
particular in rejecting every article which exhibits the slightest 
defect either in form or color, the prices paid to the manufac- 
turers for such as are accepted must be sufficiently high to in- 
clude the cost of those wMch are rejected. Notwith^anding 
these circumstances, the prices at wmch porcelain is no^lHur- 
mshed in China are materially less than those demanded in an- 
cient time^ when, we are informed, as much as 100 crowns 
were given for a single urn at the seat of manufacture. The 
emperor monopolizes the finest specimens of porcelain manu- 
fectured in his domuiions, and it has thence been asserted, that 
none which has ever found its way to Europe gives an adequate 
idea of the perfection to which the Chinese have attained in 
this manufiicture. The Porcelain Tower erected at Nan-king 
offers proof sufficient of the very durajile nature of their manu- 
fiicture. This building is of an octagonal shape, is of nine sto- 
ries, and very nearly 900 feet high, and its entire surface is co- 
vered with porcelain of the finest quality. Although this sin- 
gular and beautiful edifice has been erected more than 400 
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years, it has hitherto withstood all the altematiQiis of seasons, 
and every variety of weather, without exhibiting the smallest 
symptom of deterioration. ' 

The intimate mixture of the two earthy materials so essen- 
tial to the production of good porcelain is much more perfectly 
attained, i^aStet the employment of the mechanical means al- 
ready described, the united mass be left fox a considerable tone 
before its employment The Chinese frequently extend this 
interval to a space of fifteen or twenty years ; and instances are 
not uncommon, where the provident care of a parent leads him 
to prepare as much porcelain clay as will suffice for his son's 
use, during the whole p^eriod of his life. 

The Chinese excel in the manuikcture of brown earthen- 
ware, which being sold at a very low price, is used commonly 
throughout the empire. Pchxmis vessels for cooling water are 
also made by them of fuller^s earth, which is principally com- 
posed of alumine and very pure silex, in combinatl5n with oxide 
of iron. The name by which porcelain is distinguished in this, 
the country of its earliest production, is ts&'kL 

An attempt was once made by the government to remove the 
seat of manufitctuie to the imperial city of Pekin. This, how- 
ever, although no effi>rt was spared in the business, proved un- 
successful, and the sole prosecution of the art reverted to King- 
te-ching, where, according to the statement of different travel- 
lers, there are established 500 factories, giving employment to 
more than a million of artisans. There appears no good reason 
for believing that the manu&cture would not have been prose- 
cuted with equal success at Pekin, if those who directed it Imd 
been so disposed ; and the difierent result which has been re- 
corded is supposed to have arisen from the disinclination of the 
manufacturers to be brought so closely within the oontrd ci a 
government supereminently famed for meddlmg with the pri- 
vate concerns ^(h its subjects. ^. 
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Many circumstances contribute to render glass one of the 
most curious and interesting of manu&ctured substances. 

Although perfectly transparent itself, not one of the mate- 
rials of which it is made partakes of that quality. Exceedingly 
brittle while cold, it becomes,, by the apphcation of heat, so re- 
markably flexible and tenacious as to be convertible into every 
form that fimcy ma^ dictate or convenience suggest Its great 
ductility is shown in a very striking manner ay the slender 
, filaments — small as the fibres of spider's, web— into which it is 
spun for ornamental purposes. Many hundred feet of these 
filaments may be drawi> out firom a heated mass in the space 
of one minute. Its pliancy and elasticity are poved by the 
fiicility with which,- when in the state just mentioned, it may 
be bent and retained in various ^rms, and by the energy 
wherewith its original shape is resumed at the moment of re- 
lease firom its coiwtrained positbn. 

The impermeability of glass to water, even ultder a consid- 
erable degree of pressure, is well ascertained. A few ye^rs 
ago, the reverend Mr. Campbell, while on a voyage to South- 
em Afirica, amon£r other philosophical experiments wherewith 
he amused himsd]^ caused two globnlRr glass bottles hennet- 
ically sealed to be lowered by means of l^en weights to the 
depth of 1200 feet beneath the surface of the pea. These, 
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through the united and contiiluous exertions often men durii^ 
fifteen minutes, were again drawn up, and were found to be 
perfectly empty. 

The continued exposure of glass to the ^eatest heat where- 
by it is melted does not produce any sensible diminution in its 
weight and quantity, or any alteration of its properties. It is 
capable of receiving colors, and of retaining Uiem in all their 
lustre for an indefinite period. The strongest acidi^^with one 
exception that will be noticed — have no en^t upon it; a cir- 
cumstance that renders glass additionally usefiil in assisting 
the researches of chemists. It is capable of receiving the 
most perfect polish, preserves all its beauty, and does not lose 
the smallest portion of its substance by the longest and most 
irequent use. 

The admirable qualities and important uses of glass have 
been so happily pointed out by one of the most celebrated 
writers of the last century, that no apology will be needed fyr 
the insertion of the passage. 

''^ Who, when he saw the first sand or ashes by a casual in- 
tenseness of heat melted into a metalline form, rugged with 
excrescences, and clouded with impurities, would fiive im- 
' agined that in this shapeless lump lay concealed so many con- 
veniences of life as would in time constitute a great part of the 
happiness of the world ? Yet by scnne such fortuitous liquefiio- 
tion was mankind taught to procure a body at once in a high 
degree solid and transparent, which might admit the light <£ 
the sun, and exclude the violence of the wind ; which mi^^t 
extend the sight of the philosopher to new ranges of existence, 
and charm him at one tune with the unbound^ extent of the 
material creation, and at another with the endless subordina- 
tion of animal life ; and what is yet of more impcnrtance, might 
supply the decays of nature, and succor old age with subsidiarT 
sight Thus was the first artificer in ^lass employed, tfaongn 
without his own knowledge or expectation. He was fiicilitat- 
ing and prolonging the enjoyment of light, enlarging the ave- 
nues of science, and conferring th^ highest ana most lasthig 
pleasures ; he was enabling the student to contemplate natore, 
and the beauty to behold herself" * "^ 

The utility o^a substance which is daily and hourly rendered 
serviceable by all classes of persons in almost every homan 
habitation cannot need to be exemplified. The aids which it 
offers to scientific researches are almost eqtjfidlv amiarent. . To 
notice the particular arrangements whereby tne ouranist, the 
naturalist, or the astronomer avails himself of some of the va- 

* Rambler, No. ix. 
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lious properties of glass in pursuiDg his investigations, would 
lead to descnptions which, alth9agh .interesting m a high de- 
gree, are foreign to the object ra this treatise, wherein little 
more than incidental notices can be given, on points that have 
relation to improvements in the manufacture. 

It may be useful, however, to notice here an error, not un-' 
frequently made, from observing glass to be the only transpa- 
rent material used in making qiectacles, opera glasses, and 
other (^cal instruments. Persons are induced, from this cir- 
cumstance, to ascribe to the peculiar quality of glass the ex- 
cluave power of modifying the apparent magnitude, brightness, 
and distinctness, of objects seen through it This, however, is 
not an exclusive property of g^ass, but belongs to every trans- 
parent substance having a density difierent from that of the air 
which surrounds the ol»erver. It depends also, not alone on 
the inherent qualities and density of the transparent substance 
through which the objects are viewed, but also on the form of 
the surfaces which bound that substance, and on various other 
circumstances not necessary to be noticed more particularly 
here. The reader will, therefore, recollect, that the optical 
properties of glass are common to the diamond and other trans- 
parent solids, to all transparent liquids, and even to gases. 
Glass is commonly used on account of its cheapness and dura- 
t»lity, and for other reasons of convenience. 

It is impossible, however, wholly to dismiss this subject un- 
accompanied by expressions of admiration at tlie genius of those 
master spirits, who, by their discoveries and inventions, have 
rendered glass subservient to purposes that open and enlarge 
the field ot human knowledge in some of those branches of nat- 
ural philosophy which tend most to refine the nature and exalt 
the character of man. 

• Familiarized as we are to the use and appearance of glass, 
yet no person can ever become indifferent to its advantages, or 
insensible to its beauty. Neither can we feel astonishment at 
the admiration which induced the ancients, while the art of 
making it was little practised, and in those countries where it 
was not yet established, so greatly to covet the possession of 
glass vessels as to purchase them at prices which to us appear 
exorbitant We are told that the emperor Nero gave for two 
cups with handles 6000 sestertia, a sum nearly equal to 
50,0002. of our money. These vessels were not of any extni- 
ordinaiy size, but were thus highly valued on a<!count of their 
perfect transparence, and resemblance to crystal. 

The name whereby thib material is known to us is generally 
said to be derived from the Latin, and to have been suggested 
by its great similarity in appearance to ice (glades.) It has 
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been remarkedt however, Uiat the common iMiin. dengnttion 
ii vUrum ; and as the Romans gave thig name alto to the plant 
which we call tooad, and whicti our remote aoceatoiv caUed 
gUuUiiTfL,' it w iina/^incd that iilaMH ohtained the aame dintinctive 
appellation, bccaiuic of the bluiah tint which it uaually exbib* 
iVul There m tis little probable foundation for one as lor the 
othfT conjecture, nor ia tfie queation of much importancey aioci*, 
whichever way it mi^ht bo detcnnuied, no li||[fat would be 
tlinrcby thrown upon any point of inti;reat concommg the ori^ 
of the manufacture, whicfi, although invcdved in the moat mi- 
p;iiotrable mytitcry, ia yet known to have exirtod loog heSan 
ibi introduction among Uie Roraana. 

Th^; ptufsage in the book of Job (ch. xxxviL v. 18.) wherein 
mnntion m suppoMed to \)e made of gltm, haa been adduced 1^ 
Neri in proof of itH remote origin. Unfi>rtunately for the eor- 
r^'ctnciw of thia opinion it haa been found, that in many ancient 
veraionji, inntead of the glasi of tiie Vulgate and Septuagint, 
other HubKtanccd which have diaplianoua and ihining properties 
arc montionrjd. In &ct, the word in the original Hebrew hat 
ficon fre(|uently iwed, occordiiiji^ to the &ncy of trandatofai to 
ffignify different bodies priflHCHHrng luatre and tranaparency. 

The two problemH of Aristotle— if^ indeed, thoy were piD- 
pounded bv that philoHupher-^-*' WW do we aee through 
glaiw?** and "Why w it not malleable f* compriae, perhapi^ 
the earlieift written mention made of tlio aubttance. Theo- 
phroHtuH, whoar* writing are not half a century later than the 
time of AriHtotle, mcntiouH tlie uae of Hand from the river Beluf 
in making glam; and from tliat date (S)(X) veara b. o.) a know- 
le<lge of the maU'rial waa pretty generally difluaed. If reli* 
ance ia to l)e placfid upon the utatement, that the celebrated 
ap^uire of Archiined(» waa made of gUuMi, the art mutt in hia 
time (2(K) yeai8 b. o.) have arrived at a conaiderablo degree of 
perfection. 

Many authoritiea concur in aligning tlie merit of the inven- 
tion to the Phceniciamf ; and the aiitfertion of Pliny ia often re* 
panUiA, which attributeH the diHcovery to accident Some 
atiinn-driven mariners were boiling their food on the aanda at 
the mouth of tlie river Belua — a small stream runnuig fhxn the 
foot of Mount (yarniel in (Sal ileo— where tiie herb tali Wia 
growing abundantly, and are said to have perceived tlmt the 
sand, when incorporated with the aahea of thia plant, nehed 
and ran into a» vitreous substance. It ia certain Uiat the «ind 
about this spot was well adapted to the manufiicture of ghuBi 
and probably the glass-liouseH of Tyre and Hidon were nij^ied 
thniice with thin mati*rial, which may have given rise to the 
tra'lition. 
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That the ancient Egyptians were well acquainted with the 
method of making glass cannot be doubted. The beads where- 
with some mummies are adorned, although composed of earthr 
enware, have an external covering of glaze, which is true 
fflass covered with a metallic oxMe; and recent searchers 
nave discovered among the tombs at Thebes some pieces of 
glass of a Uue color, similar in their composition to the glazing 
on the beads just mentioned. 

The glass-houses of Alexandria were long famed for the 
skill and ingenuity displayed b3r their workmen. The Romans 
were, at one time, supphed with a great part of their glass * 
ware from that city. A coarse and impure manufacture of 
drinking vessels had been prosecuted at Rome from ^e time 
of Nero; but the art could have made only a slow progress 
notwithstanding the encouragement offered by tlie hi^h prices 
at which glass wares of foreign make were sold in Sie impe- 
rial city. The emperor Hc^rian, while at Alexandria, re- 
ceived firom a priest some fflass cups of various colors, which 
had been used in the worship of the temple, and transmitted 
them to Rome as objects of great value and curiosity, with an 
injunction that they should l^ used on festivals and other great 
occasions. 

Utensils of glass have been found among the ruins of Hercu- 
laneum, which city was destroyed in the reign of the empe- 
ror Titus, by the same eruption of Mount Vesuvius which cost 
the elder Pliny his life. It does not appear that glass was used 
tor admitting light to dwellings in Herculaneum, the largest 
houses having windows made with a ^cies of transparent talc. 

In the^British Museum are four large cinerary urns made of 
green ^lass, which have been pronounced by a very competent 
authority fiivorable specimens of the proficiency of the ancients 
in the art (^ glass-blowing. These are round vases of an ele- 
Ufant form, furnished with covers and two double handles. The 
ibnnation of these handles is, it is said, ** such as must convince 
any person capable of appreciating the difficulties which even 
the modem glass-maker would have to surmount in their exe- 
cution, that Sie ancients were well acquainted with certain 
branches of the manufacture." * 

Several ancient authors {Dion Cassiusy Petronitu Arbiter^ 
and Lsodorus) relate, that in the reign of Tiberius, an archi- 
tect, who had been banished from Rome on account of his great 
popularity, having, in his retirement, discovered the means of 
so. £ir altering me nature of glass as to render it malleable, 
ventured to return to Rome, in the hope of securing both a re- . 
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misBioa of his s^itence and a reward for bis invention. This 
discovery not agreeing, however, with the suppoeed inteiests 
of the tyrant, who feared lest the value of goM mi^t be low- 
ered by its means, the architect was beheaded, and his secret 
died with him. This is, probably, only another version of the 
story related by Pliny, of the same important discovery having 
been made by an artist in Rome, when such of the popiilaee as 
imagined that their interests would be injuriously afiected 
thereby coospured together and destroyed his dwelling. 

A similar discovery, attended by results as unsatisftctorj, and 
^ which is said to have occurred in France in the more modem 
times of Louis XIIL, is rec(»rded by Blancourt He savs, that 
the inventor having presented a bust fiflrmed of malleable glass 
to the cardinal Richelieu, was rewarded for his ingmuily by 
perpetual imprisonment, lest the ** vested interests'* of French 
glass manu&cturers miffht be injured by the discovery. 

Without venturing altogether to deny the troth of these sto- 
ries, it would be hard to subject to the chaige of piesimiption 
those persons who entertain -doubts upon the matter. It does 
not, certainly, prove the incorrectness of the statements, that 
no subsequent examiner into the arcana of nature has been 
equallv fortunate ; and it is assuredly possible that some suc- 
cessful investigator may yet be the means of revealing th^ 
which has already been thus ascribed to more than one experi- 
menter. 

Improbable as the achievement of this would seam, it wonld 
be scarcely more extraordinary than the transformation of Inien 
rags into sugar, or the conversion of saw-dust into ^ wholesome, 
palatable, and nutritious food." The purposes both of nse and 
of ornament to which glass would in such a case be applied 
are almost endless, and their importance can hardly be over- 
rated ; nor should we in these days have occasion to fear, lest 
the insensate obstructions of some modem Tiberius or Riche- 
lieu should step between the discoverer and the promulgation 
of his secret 

According to our present amount of knowledge, the chance 
of realizing such a aiscovery is, however, limited within the 
barest possibility. The quality of malleability is in direct con- 
tradiction to that of vitrification ; the existence of the one state 
seems to be incompatible with that of the other. Some me- 
tallic substances when greatly urged by fire are made to ap- 
g roach towards the state of glass, and then lose their mallea- 
ility ; a fact which almost implies the impossibility of impart- 
ing the latter property to glass. Eunkel has indeed oibserved, 
that it is possible to produce a compodtion having an external 
glassy appearance, which should be pliant and capable of. being 
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WTooght under the hammer ; and Neumann tells us, that in the 
ftuskni of muriate of silver a ductile kind of glass is formed, 
which may be moulded or turned into different figures, imd 
which ma^ be pronounced in some measure malleable ; &ct8 
to which Henckel has referred in order to account for the tra- 
ditionary stories of the ancienta 

The Latin writers cf the Augustan age make frequent men- 
tkm of slass. Virgil comperes to it the clearness of the water 
in the Fucine Lake (JEjXl vii. 759.) ; and Horace speaks of the 
lustre and transparency of glass in a way which ^ows that it 
eould then be made with a considerable degree of perfection. 
In the year 220 & tax was laid by Alexander Severus upon the 
glass manu&cturers of Rome, who at this time existed m such 
numbers, that a principal quarter was assigned to them in that 
city, wherein they might carry on their processes. This tax 
was rtill levied in the reign of Aurelian. 

The most celebrated specimen of antique glass is the vase, 
which during more than two centuries ornamented the Barber- 
ina palace, aod which, having been subsequently purchased by 
the late duchess of Portland, is better known m this country 
as the Portland vase. This, much-admired production was found 
about the middle of the sixteenth century, inclosed in a mar- 
ble sarcophagus, and deposited in the tomb of Alexander Seve- 
TUB, who died in the year 235. The body of this vase, which 
far a long time was erroneously supposed to be formed of por- 
cebin, is made of deep blue glass, and is ornamented with 
white opaque figures m bas-relief which are designed and 
sculptured in the style of cameos with a degree of s£ll which 
is truly admirable. 

Glass melted and cast into plates, is said by St Jerome to' 
have been used in his time (a. d. 422,) to form windows. About 
a century later, Paulus Silentiarius mentions the windows of 
the church of St Sophia at Constantinople which were covered 
with glass ; and fixmi this period firec^uent allusions to the simi- 
lar use of glass are met with in various authors. • 

Long befoie the establishment of the manu&cture within 
this island, glass was known and used in England. The Vene- 
tians who tended with this countrv in very remote times fur- 
Dished this among other articles of commerce in exchan^ for 
tin. The erudite Pennant is of opmion, that glass-makmg in 
Britain dates prior to the Roman invasion. The Druids were 
ftccustoroed to impose upon their more ignorant followers by 
means of clumsily-formed beads of colored glass, which they 
oi'et^ided were endued with the quality of guarding their pos- 
' lessors firom evil. 

The venerable Bede, who lived very near the time, and who 
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therefore had good opportunities for ascertaining; the ilust, has 
asserted in his history of Weremouth, that in the year 674 the 
ahbot Benedict sent for artists from beyond seas to fi^laze the 
windows of the church and monastery-^ Weremouth in Dur- 
ham, and that these men were our first instructors in the art 
of making window-glass. This art, however, took root but 
slowly amoilg us ; and it was not until the eleventh century 
that glass windows were at all commonly used, either in pr^ 
. vate dwellings or in public and religious edifices. Previoaidy 
to this time, light was imperfectly transmitted throu^ linen 
cloths or wooden lattices. The houses of the commoner peofile 
were not, indeed, furnished with this luxury until the thirteenth 
and fourteenth centuries, in which respect our ancestors were 
greatly behind the inhabitants of Italy and France. 

The following curious entry, extracted from the Northum- 
berland household book, makes it apparent that at la much later 
period than the one just mentioned, the comfort of glazed win- 
dows was not considered as a matter of course even in estab* 
lishments where great state and magnificence were maintained. 
This entry occurs in the minutes of a survey of Alnwick Cas- 
tle made m the year 1567 : — 

"And because throwe extream windes the classes of the 
windowes of this and other my lords castels and houses here in 
the country dooth decay and waste, yt were good the whole 
leightes oi cverie windowe at the departure of his loidahippe 
from lyinge at anie of his sade castels and houses^and dowring 
the" time of his lordshippes absence or others lyinge in them 
were taken doune and lade up in safetie ; and at sooch tyme as 
ether his lordshippe or anie other sholde lye at anie of the ascto 
places, the same might then be set uppe of newe with smale 
charges to his lordSiippe; whereas^ now the decave thereof 
fhall be verie costlie and chargeable to be repayred. 

We learn also from Ray's Itinerary (p. 1^7), that **in Scot- 
land, as late as 1661, the windows of the ordinaiy country 
houses were not glazed, and only the upper parts or those of 
even the king's ^aces had glass, the lower ones bavinff only 
two wooden shutters to open at pleasure and admit the fi^m air.^ 

When desirous in former times of giving encour^Lgement to 
some important manu&ctures, the government of France waa 
induced to declare their prosecution to be nowise inoompatiUe 
with the dignity of aristocratic blood. Early in the fourteenth 
century that goviemment made a concession in fiivor of glass- 
making greatly beyond this point, decreeing, not only that no 
dero^tion from nobility should follow the practice dr the art, 
but mat none save gentlemen, or the sons of noblemen, should 
venture to enjaraifo in any of it? branches, even as working ar- 
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ti8aii& This restriction was acoompanied b^ the grant of a royal 
chatter of incorporation conveying various important privileges, 
under which the occupation became eventually a source of 
great wealth to several fiunilies of distinction, whose descend- 
ants have at times attained to some of tiie hi^g^est dignities of 
the state. 

The good policy n apparent of thus holding Iforth induce- 
ments to the only oarties then qualified by the possession of 
capital, and probably also by their intelligence, to establish 
works upon a scale ttiat could lead either to national advantage 
or individual profit A middle class of persons, springing firom 
the lower orders, have since jg^radually {daced themselves at 
least upon a level in point of intelligence with those of more 
illustrious descent; and by the. exercise of that intelligence, 
conjointly with prudence, have acquired the means for under- 
takmff works m magnitude. This altered state of society 
would render such exclusive privileges not merely unnecessary, 
but would make them absolutely pernicious. 

Notwithstanding the marked encouragement just related on 
the part of the French government, some time elapsed before 
the manu&ctures of France could rival those of Italy. Venice, 
in particular, long excelled in the quality of its mirrors and 
drinking^-glasses, with which the manufiicturers c€ that cil^ 
•applied me rest of Europe. The most considerable of their 
glass-houses were established at Murano, a viUage situated a 
short distance firom the city. 

During the ministry of the celebrated Colbert, some French 
artists, who while residmg in the Venetian state had acquired 
a knowledge of the processes used at Murano for the making 
of plate glass, returned to France in the hope of profitably pur- 
- suing the manufiicture in their native country. Such an event 
fidling in with the views of Monsieur Colbert, who was anxious 
by every means to extend the useful arts within the kingdom, 
these artists were in the year 1605 established with privileges 
at Toorlayille near Cherliourg, and an advance of money was 
, made to them fiom the public cofifers to assist in the formation 
of their estaUishment The jilates made by this coixmany were 
Mown, after the system used in the Venetian manu&ctorie& 

It was not until 1668 tbat the beautHhl art of casting plates 
of glass ¥7as invented by a manufacturer named Thevart, wbo^ 
obtaining a patent for the invention to continue in force auring 
thirty years, establifi^ed a company and ctected works in Paris, 
where plates were cast. of the then extraordinary dimensions 
dP eighty-four inches long by fiffy inches wide, a size which 
excited universal astonishment and admiration. The expense 
of conducting such a manufkctory in the metropolis was, how- 
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ever, su great, that tlie establisluneut was trausferrBd to St 
Goboin in Picardy, where the undertaking was (Nxnecuted, not 
without considerable opposition from the nK»re ancient asso- 
ciation. 

To accommodate the disputes between these rival estabUsh- 
ments, Thevart's company was bound not to cast any plates 
whose dimensions should be less than sixty inches in length 
and forty inches in breadth. The largest piece that had t£en 
been produced by blowing did not exceed fifty inches in its 
leurgest dimension. This arrangement fiiiled to produce har^ 
mony between the rivals ; but m 1695 that end was ^Eectually 
answered by uniting both companies under the same charter — 
not however, as the issue proved, to their mutual advantage ; 
— ^for, possibly owing to the want of the salutary Bpar oi com- 
petition, the company declined in prosperity with such rapidity, 
that in two years from the junction the united body vma in a 
state of insolvency, obliged to discharge most of its workmen, 
and to abandon many of its furnaces. 

No blame can be cliarged upon the French government for 
the protection and privileges anorded to these companiea It 
is probable that without some immunities neither of the estab- 
lisnments could at that early period have been undertaken. 
The instances however are rare, and the circumstances whereby 
they have been attend^ peculiar, in which joint«tock tmdinff 
companies have been prosecuted to advantage. The causes m 
this fact are not difficult of explanation. It is seldom that the 
personal interest of those to whom the particular management 
IS intrusted is sufficiently strong to insure the requisite amount 
of attention, or the proper degree of pecuniary watchfulness, 
if even the still more unfavorable condition does not -arise 
wherein private advantage is opposed to the general prosper- 
ity, and it is sought to conduct the operations rather witii a 
view to individual profit than to the common advantage. 

In the following year a new association was formed out of 
the rums of the old ccunpany, under the management of An- 
toine d^Agincourt, who re-engaged the discharged workmen, 
and by the prudence of his arrangements conducted Uie afiUrs 
with considerable profit to the adventurers. 

Blancourt, m his **Art de la Verrerie,^ relates as the mode 
in which the casting of plates of ^lass was discovered, that a 
person who was melting sopie of this material in a crncible ac- 
cidentally spilt it whil^ AuiJd upon the ground. The metal nm 
under one of the largre flag-stones wherewith the place was 
paved, which obliged die workqian to take up the stone in oirder 
to recover the glass. He then found it in the form of a plate, 
such as could not be produced by the ordinary process of alow* 
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iug. The tuaa's attention being rotieed by this tact, he was un- 
tUtue to deep ; and conceiving, at once the superiority of this 
method for forming mirrors, he immediately commenced exper« 
imenting ; and betbre the day appeared liad proved the practi- 
cability of the improvement which the purest chance had thus 
placed within the sphere of his observation. This occurrence 
is said to have arisen 200 years before it was related by Blan- 
court, whose treatise is dat^ in 1698. It cannot therefore have 
axiy reference to the then recent proposals and performance of 
Thevart 

The manu&cture of flint glass was first begun in England in 
the year 1557, at Savoy House in the Stranc^ and in Crutched 
Friars. In 1635 Sir Kobert Mansell obtained' a monopoly for 
making this kind of glass, in consideration of his being the first 
person who employed pit-coal instead of wood in his furnaces. 
The art could not at this time have reached any great degree 
of perfection, as permission was further conveyed by the patent 
for importii^ drinking glasses of fine (][uality from Venice, and 
anoth^ half century elapsed before this country became inde- 
pendent of foreign supply for such articles. 

The second duke of Buckingham has the merit of much im- 
proving the manu&cture of British glass by means of certain 
Venetian artists whom he brought to London in 1670. Three 
yeaiB later than this- period, the first plates of English glass 
were made at Lambeth under the auspices of the same noble- 
man. The violence of party spirit which characterized that 
age should lead us to receive with caution all estimates of char- 
acter which we m&y find recorded by contemporary biographers. 
Although there was unquestionahly much (^vice and profligacy 
in the general conduct of this favorite of a vicious and profli- 
gate master^ we may yet hesitate to believe that the man who 
could apply himself to the study of letters, and wlio, in the 
manner above related, interested himself in promoting the use- 
ful arts of liife, could at the some time be so utterly depraved 
both in mind- and in heart as the page of history has repre- 
sented. . ;. 

The first EnjgliBh establishment of magnitude for the casting 
of plate glass was undertaken in 1778. A respectaUe body c? 
gentlemen at that time obtained a rqyal charter oi incorpora- 
tion, the privileges of nf hich were confirmed to them by act of 
parliameot, un&r the style of ^The Governor and Company 
of British Cast Plate Glass IQiianufiu^tarers;*' and having su]^ 
scribed a capital or joint stock in eighty shares of five hundred 
pounds each, constructed works of considerable extent at Ra- 
venhead, near Prescot, in Lancashire. This undertaking, the 
only one of-'^ kind existing in this country, and rivalled by 
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each other, the effect appears in a yet more striking point of 
view. The annual average quantity made for home use during 
the three years endinff in 1812 was 413,414 cwt, while the 
average of the three foflowing years ending in 1815 was 264,931 
cwt; showing an immediate falling off of 148,483^ qwL, being 
upwards of S§ per cent, upon the larger quantity ; a circum- 
stance which could not fail, amon^ omer evils, to bring dis- 
tress and misery upon a considerable number of qterativo. man- 
ufacturers. 

On the other hand, a diminution in the rate of duty xm plate 
glass was effected on tiie 5th of July, 1819, it being then low- 
ered from 98^. to 60^. per cwt As a consequence, the quan- 
tity manufactured has since been steadily and progressively in- 
creasing. During the three years precedin^^ the abatement, 
the average quantity annually manu&cturea was 6209 cwt, 
yieldmg a gross revenue of 30,4242., whereas the average quan- 
tity msde durii^ the three years ending in 1829 amounted to 
15,235 cwt, ana the revenue produced was 45,705Z„ bein^r an 
increase of more than 50 per cent, derived from a rate of duty 
diminished to the extent of 40 per cent 

Could any facts more forcibly point out the pernicious ten- 
dency of heavy duties upon articles of domestic mannfiictare, or 
more clearly indicate the course which it were wise to fi>llow 
in temodellmg to as great an extent, and as quickly as is prac- 
ticable, this branch of our financial system ? 

It is much to be regretted that any circumstances should have 
arisen to delay the execution of the ex|H'essed intention of the 
government altogether to remove the duties upon glass. When- 
ever this measure shall be accomplished, it can hardly fiul to 
induce such an extension of the manufacture as will prove gen- 
erally benelQcial to the community. The abolition of these do- 
ties would be accompanied by the still fiurther advantage of re- 
moving all those vexatious regulatbns and restrictiofis under 
which the manufacture is now carried on, and which will cease, 
as a matter of course, when the article is no longer an olgect 
of revenue. 

It is principally owing to these restrictions that so much fixr- 
eign glass is now brought into this country in the &ce of what 
may be considered an amply protecting duty. Foreign manu- 
fijcturers are allowed to make any and every article out of that 
quality of glass which will most cheaply and advantageously 
answer the end, while our own artists are finrbidden to. form 
certain objects, except with more costly. materials, which pay 
the higher rates of duty. Nor is this restriction otfly oommer- 
ciallv wrong, since it forms matter of just complabit on the part 
of chemists, that they are unable to procure utensils fitted for 
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efiecting many (£ the nicer operations connected with their 
science, because the due protection of the revenue is thought 
to require that such utensils shall be formed out of that qualily 
of glass alone which, apart from all considerations of price, is 
otherwise, from its properties, really unfitted for the purpose. 
Relaxati(»i8 are, indeed, sometimes made on this head in par- 
ticular cases by the commissioners of Excise ; but the trouble 
necessarily attending applications tp a public board is greater 
than can be compensated by the trifling money advantage that 
can result in each case to the manufacturer, and the interests of 
science are, omsequently, made to suffer. 



CHAP. IL 

Olf THE VABIOUS INGREDIENTS EMPLOYED IN XAKINO 

GLASS. 

Olan always eomposed of Sitex with Alkali. — Diflferent Deicriptions-of 
Glass.— Sea-Sand.— Soda and Potash.— P6ari- Ash.— Barilla.— Kelfi.— Wood 
Ashes.— Nitre.— Litbarge.— Minium. — Manganese. — Arsenic — Borax.— 
Chalk. 

Under the general name of glass, chemists c(»nprehend all 
mineral substuices, which, on the application of heat, pass 
through a state of frision into hard and brittle masses, and which, 
if then broken, exhibit a lustrous fracture. Most glasses are 
. transparent also ; and the non-esqstence of this property is gen- 
erally owing to ihe presence of some foreign and unessential 
substence. 

The glass of commerce — ^that beautiful manu&cture to which 
the gen^ic name is most commonly applied— does not include 
so wide a range of bodies-; and is tuways composed of some si- 
licious earth, the iusicm uid vitrification of which has been oc* 
casioned by certain alkaline earths, or salts, and sometimes with 
the aid of metallic oxides. 

There are five difiTerent and distinct qualities of glass manu- 
factured for domestic purposes; viz. 

Flint glass, or crystal ; ' 

Crown or German sheet glass ; 
fooad or common window glass 
Bottle or common green glass ; and 

Plate glass ; . i. r t 

the materials and the processes used in making which form the 
subject of our present inquiry. ^ 

Before commencing the description of any of the munpaw* 
tions employed in this interesting manufiurture, it will be lM<t«r 
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to ^ve a general account of the difierent materialB used, and to 
point out how the particular qualities of-glaas are iaflueiiced by 
the properties of those various ingredienta 

Each of the five descriptions contains, in common with the 
others, two ingredients, which, indeed, are es ee nfa a ] to tlieir 
formation — silex and an alkali 

The variations of quality, and distinctive diSBreocem observ- 
able in glass, principsilly result from the kind of alkali employ- 
eJ, and its degree of purity, as well as from the addition of 
other accessory materials ; such as nitre;, oxide of lead or of 
manganese, white oxide of arsenic, borax, or chalk. 

Silex is not equally proper in all its forms for the contposi- 
tion of glass. Sea sand, which consists of spherical ghuns of 
quartz, so minute, as to be qualified for the purpose without 
any preparation except careful washing, is the form wherein 
silex is most commonly used for the purpose in England. All 
sea sand is not, indeed, equally applicable to the glass-maker's 
purpose. That used in this country for making the finer de- 
scriptions of ware is usually obtained, either &om the port of 
Lynn, in Norfolk, or firom Alum Bay, on the western coast of 
the Isle of Wight 

The best glass was formerly made with common flints, cal- 
cined and ground in the manner already described, as used in 
the manufoctnre of pottery, and hence the name which it ac^ 
quired of flint glass. The employment of silex in this form is 
now 'wholly discontinued in glass-houses, as it is known that, 
some qualities of sand answer the purpose equally- well, while 
the labor and expense of calcining and grinding are saved by 
the substitution. 

Both soda and potash are well adapted to the porpose o^ ma- 
king glass. They are used in the form of carbraiates; that is^ 
holding carbonic acid in combination with themselves as bases. 
The acid flies oflf dnring the progress of the manu&cture, and 
the result is a compound of silex and alkali. 

As already stated, the quality of glass ij9 influenced by the 
degree of purity of the alkalL For makmg the finest flint 
elass, pearl-ash, which is potash in a purer fotnn, must be used. 
The alkali must previously be still furtlier purified by solution 
and subsidence, and then evaporating the fluid to dryness. By 
this purification a loss is sustained, amountmg to between 30 
and 40 p^r cent, in the weight of pearl-ash. Coarser kinds of 
alkali, such as barilla, kelp, or wood-ashes, which are combined 
\vith many impurities, are employed for the production df info-* 
rior glass. Completa fiision and vitrification are accomplished 
by these means, the impurities even bemg of a nature to assist 
towards the production of these eflfects. The green color im- 
parted to glass, w producwl by the iron, which is present in u 
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^"eater or less de^e in these courser alkaline subetancea 
Barilla, when sufficiently cheap, is always chosen preferably to 
wood-ashes or kelp. The recent abatement of the import duty 
levied upon this article of commerce will, therefore,' probably 
tend to me increased consumption of banlla in glass-houses. 

A very small proportion of nitre is used in the composition 
of glassy to occasion the destruction of any carbonaceous mat- 
ter which, may ejsist in the ingredients. This salt must be 
added previous to the fusion of 3ie glass. At a degree of heat 
much below that of the furnace, nitre will decompose, giving 
out much oxygen, and maintaining such metallic oxides as 
may be present in their highest state of oxygenation. It is 
thus of use in fixing arsenic, the volatile property of which in- 
creases a^ It approaches the metallic state. 

Oxide of lead, in the form of either litharge or minium, is 
essential to the making of flint-g'lass, into the composition of 
which it enters very largely. This metal acts, in the first 
place, as a most powerful flux, promoting the fusion of all vit- 
rifiable substances at comparatively low temperatures. It is 
also permanently beneficial in imparting highly valuable prop- 
erties to the glass of which it forms a part This, by its means, 
is rendered much more dense ; has a greater power of refiract- 
ing' rays of light ; possSsses more tenacity when red-hot, caus- 
ing it for that reason to be more easily worked ; and is render- 
ed more capable of bearing uninjured sudden changes of tem- 
perature. On the other hand, glass, into the composition of 
which much lead has entered, is so soil as to be easily scratch- 
ed and injured if rubbed against hard bodies. Such glass is 
also improper as a recipient for many fluids which are of an 
acrid nature, by which it would be corroded and destrdjred. 
Another great inconvenience attending the use of lead is this, 
that it does not become intimately enough united with the 
other components for the whole mass to assume an uniform 
density. It will almost alwa3rs happen, that the ^lass at the 
bottom of the pot contains a lar|fer proportion of lithar^ than 
that above. This inequality of density is continually mcrea»- 
ing as the contents of the pot are diminished by the workman; 
and it is thence impossible to withdraw from it any two por- 
tions whose densities shall agree.* 

♦ Mr. Faraday has stated, in his paper on the manufacture of flass Ibrop. 
tical purposes, which appeared in the Philosophical Transaetioiis fbr 1830. 
that be found, on examining "pots containing glass not more tb«n six 
inches in depth, made from the usual materials, and retained at a full heat 
for twenty-four hours,** the foUowini? differences of ■bedflo gravity b^ 
itveea the glass taken from the bottom and surfiftce of tba poCa>— 
Top. - 3-38 330 3-28 3-21 315 3-73 3*85 3-81 SSI 3*30 

. Bottom. 404 3 77 385 3 .-HJ 3tt) 4-63 4 74 4-75 3« 3^4 

L 
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Monsieur Guyton Morveau has related a very curious exem- 
plification of this fact, which once occurred to himself when 
experimenting in conjunction with Monsieur de Bufibn in the 
I^te-glasa manu&ctory near' Lan^res.* Remaining in the cru- 
cible was a portion of flint glass m fusion, compo^ of thirty- 
two parts powdered crystal, thurty-two parts muiium, sixteen 
of soda, and one part nitre. To this was added the requisite 
quantity of the ingredients commonly employed for fimning 
plate-glass in the manu&ctory, and the whole was melted to* 
gether in the furnace. When the mass was sufficiently refined 
it was laded into the cistein, cast on the copper table in the 
usual manner, and transferred to the annealing furnace. Its 
quality being subsequently submitted to examination, the plate 
was round to be composed of two distinct and perfectly level 
strata through the whole mass, the lower stratum occupying 
about one third of its thickness. 

So complete an instance of the precipitation of the denser 
through the lighter portion is not elsewhere to be met with in 
the records of fflass-making : its occurrence in this particular 
occasion should probably to referred to the active agency of 
Fome cause which escaped the observation of the two philoso- 
phers. 

It is a general effect of this inequality, that the eplass, when 
wrought, appears waved ; a defect which is particulirly incon- 
venient in tnat which is intended for the ccnistructioii of opti- 
cal instruments. Glass is also fusible at lower temperatures 
according to the proportion of lead which it contain& This 
quality, which would be mischievous fer some purposes, is, on 
the contrary, beneficial for others. It is often essential to 
chemists that they shall be able, during the progress of their 
experimei;ts, to bend the tubes with which they are operating. 

Black oxide of manganese has long been u^d for clearing 

S'ass from any feul cdor which it might accidentally possess 
rough the impurity of the alkali emjuoyed, and in particular 
from that green tinge which marks the presence of iron. T^is 
property of manganese, when in the ferm of an oxide, occa- 
sioned it to be anciently known as gloss soap, a name which 
very accurately describes its use. The circumstance attend- 
ing the employment of this substance in glass-making are of 
rather a curious nature. When added in a moderate propor 
tion to any simple glass, it imparts a purple color ; and should 
its quantity be much increased, this color is deepened until the 
glass becomes nearly black. If, while the mass thus colored is 
still in fusion, either white arsenic, or charcoal, or other carbo^ 
naceous matter be added, an efiervescence is seen to ftUow, 
- — \ » ■ ^ 1 I » 

* Ann. de Chim. vnl. Ixziii. p. 113. 
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and the color becomes gradually more feint until it altogether 
disappears, and. the fflass is rendered clear and transparent 
Provided the ffreen hue which it is desired to counteract be 
considerable, the application of a very small quantity of manga- 
nese is not followed by any sensible tinge of purple ; but uie 
moment that the proportion is more than sufficient for the pui^- 
poee, this color immediately appears^ and must be corrected. 
This correction is periiHined in a very simple manner in the' 
glaas^KNiBe, by thrusting into the pot of melted glass a piece of 
wood, which, ^becoming charred l^ the heat, causes the purple 
again to vanish; whue a slight efiferveecence as before de- 
scribed, and the escape of numerous bubbles of air, are plainly 
perceptible. If nitre be then added, the purple color will he 
restored. 

The reason for these changes it is not difficult to explain. 
The oidde of manganese imparts a purple color, only when in a 
state of high oxygenation. When brought into contact with 
carbonaceous matter, it is partially deprived of its oxygen, and 
loses its coloring property. The air-bubbles which escape con- 
sist of carbonic acid gas, which is disengaged by the action of 
the diarooal on the oxide of manganese. The efl^t which 
follows upon the intcpduCtion of nitre is of a contrary nature. 
When made of a red heat this substance gives out oxygen in 
ffreat abundance, and the manganese being thus reinvest^ with 
me oizygen of which it was deprived by the charcoal, resumes 
with it uie coloring property. 

Another advantage attending the use of oxide of manganese 
results from its property of powerfully assisting in the fusion of 
earthy bodies. It also gives considerable density to glass, but 
the same disadvantage accompanies its use as already has been 
noticed with regard to litharge. Having from its greater spe- 
cific mvity a tendency to settle towards the bottom of the pot, 
the ^ass*1^ this means varies in density throughout its sub- 
stance, in addition to which circumstance the manganese acts 
injuriously upon the pots by corroding them at the bottom. 

One of'^the uses c^ white oxide of arsenic has already been 
described, that, namely, of correcting the coloring effects of 
manganese. It is idso a very powerful flux, and a great tempt- 
ation to its use is found in its cheapness. It should, however, 
be employed with moderation. If a considerable time be not 
allowed ror its intimate incorporation with the other ingredients 
of the glass, this will appear clouded or milky; a fiiult which 
will afterwards increase with the lapse of time. An excessive 
quantity of arsenic likewise occasions the glass to become grad- 
ually soft and to decompose, for which reason the employment 
of drinking-vessels in this condition is unsafe. 
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Another, and a harmless, application of arsenic in siaa*- 
mftlring is, when it is introduced into the iused masB' in order to 
dissipate any carbonaceous matters which result from defects 
in preparing the alkali. In this case, small lumps of white ar- 
senic are intimately blended with the mass by stirring. The 
great heat causes it at once to unite with and to cany off Uie 
carbon in a volatile form, leaving the glass entirely nee from 
carbonaceous matter, and nearly so from arsenic. 

Borax is used in preparing only the finest descriDtioos of 
glass: its employment is, indeed, principally confined to plate 
glaaSb It is too expensive to admit of its rorming part in the 
composition of common descriptions, although its use in all 
oases would be desirable, as its efficacy in promoting the fusion 
of vitrifiable substances is unrivalled. When the borax has been 
introduced, tlie compound is caused by it to flow with great 
freedom, and to be without specks and bubbles, which would 
impair both its beauty and utility. Should the alkali employed 
prove deficient in strength, a small portion of this salt will serve 
as an effectual remedy. 

Lime in the form of chalk is useful as a very cheap flux. It 
is also beneficial in fkcilitating the operations of the workman 
in fashioning glass, and it has tlie property of diminishing its 
liability to crack on exposure to sudden and great variations of 
temperature. Chalk can only be used sparingly, however, in 
the ^lass-house, as the escape of carbonic acid causes the in- 
gredients in the pot to swell considerably during the fusion. 
The presence of lime in any excessive degree would also occa- 
sion the rapid destruction of the pots, upon the substance of 
which it acts with considerable energy. Glass wherein lime 
exists in excess is also rendered cloudy, although the mass while 
in fbsion appears perfectly pellucid. Not more than about tax 
per cent of lime can be added without risking this defect 
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CHAP. m. ' 
ON THB odmrntvonoN or fdrnaobb, ktc. 

Blaliility of Furnace Bssentiftl.—Frittinz Furnace, or Calear.->Ito Use.— 
Worldnc FarBaee.r-I>oable Furnace.— Proportionate Dimensionf of Fur- 
nace and Pots.— Wood-FuraaoeB.>-€oaiparative Conmunptton of Fuel in 
.Wood and Coal Furnaces.— Annealing Oven.— Lier-Pane.— GlaM-Pots.— 
Their Formation and Seaaoning . 

It is essential to the well oonductiiig of the operatiooa of 
glass-houses that their furnaces should be well and substantially 
wiih of the best materials, and according to the most approved 
construction. 

Monsieur Lojrsel was so deeply impressed with the neceedty 
of devotmg the greatest degree of attention to this branch of 
the art, that nearly one half of his clever treatise *^ Sur TArt de 
la VerreriQ'* is occupied with its details. This author not only 
gives instructions for die choice of materials proper fat con- 
structing cruciUes and furnaces; but also points out the finrms 
which will be found most convenient and advantageous. 

In this country, and since the appeanuice of the work of M. 
Loysel, those operations connected with the useful arts which 
depend upon the agency of heat have become much better un- 
derstood than formerly, so that principles for the right attain- 
ment of which it was then necessary for individuals to search 
and inquire, and frequently even to experiment, are now b&- 
camB matters of every-day practice. It cannot, therefore, be 
necessary to imitate that auUior in all his lengthened initiatory 
directions for the diggipg and purifying of clay — in his descrip- 
tion of the qualities waJt shoula determine our selection of this 
material, (»r in the detail oi mechanical arrangements that will 
prove most efficacious in giving durability to furnaces.* All 
these particidars may safoly be committed to the skilfulness of 
the professional builder. 

Some other points there are, however, connected with this 
subject, wherein a ^rreater dejgfree of 'knowledge than is at 
present possessed is indeed desirable. To persons who have be- 
stowed the smallest attention upon the jrfienomena of heat and 
combustion it can scarcely fiul to appear that science has yet an 

* In stating the degrees of consistence of the day most proper fbr the ftir> 
uaces in different paru and stages of their construction, Mr. Loysel points 
out a simide method of ascertaining the attainments of these degrees, which 
tas the aavantage of being easily accomplished l^ any workman. It consists 
ia dropping a leaden ball of a given weight from a determinate height upon 
tbe mass, wUcb should be of Uiat density i^ich will allow the balU by the 
fbffcem gravitation acquired in its descent, exactly to bor>' itself in the cliiy. 

Ij 2 
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ample field for research there open to her investigaticMis, and 
that the arts have still to look for further and most important 
henefits at the hand of philosophy. 

The whole operations of the glass-house depend upon the sta- 
hility of its fumacea In their original structore me prudent 
manu&cturer will, therefore, not hesitate to avail himsefrcf the 
assistance of the ablest builders, and to employ materialfl which 
are best qualified by their density and inrasiuli|^ for resistmg 
the action of violent and long-continued beat rfo present sa- 
ving in the cost of construction can at all compensate for the 
expense and interruptions occasioned by the necessity for fre- 
quent repairs, and still less for the losses of time, labor,' and ma- 
terials, that would accompany casualties, the chances of wbidk 
would be multiplied by want of proper attention to the matters 
here pointed out. An equal, and perhaps even a greater degree 
of judgment is required for the selection of materials proper to 
form glass-pots or crucibles, since these have to withstand the 
action of heat in as violent a degree as any part of the furnace, 
and are additionally exposed to injury from the solvent poperty 
possessed by some of the materials, tar the fusion of which they 
are employed. These pots are therefore made of the most re- 
fractory, that is, the least fusible, materials, f£nd are foahiooed 
with every possible attention to their strength. 

Three difierent kinds of furnaces are employed in the manu- 
fkcture of glass. One, which is called the etuear, a name cor- 
rupted from the French word cdUmaiae, is used for that calci- 
nation of the materials to which tney musA be snbtected previ- 
ously to theur complete fusion and vitrification. This process, 
which is called fritting, a term likewise borrowed fitxn the 
French, is used for various reasons. In the first place, it expels 
all moisture from the materials, the presence c^ which would 
hazard the destmction of the fflass-pots. Next it drires ofi; 
either wholly or in great part, ue carbcmic acid gas firom the 
chalk and alkalies employed, by which means the swelling of 
ingredients in the pots is eitiier prevented, or moderated within 
safe limits. This calcinatron has the forther advantage of de- 
stroying all carbonaceous matters that may be present in the 
materids. But the principal object df previous calcination is, 
that a chemical union may be effected, or at least commenced, 
between the silex, the alkali, and the metallic oiddes. Other- 
wise, at the heat of the working furnace, the allcali would fuse, 
and its comparative levity would cause it to take its statkn at 
the surface, while the other mgredients would subside towards 
the bottom. The uncombined alkali would, in this case, after 
acting upon and injurmg the substance of the cmcihlei^ be, in 
great part, volatilized and lost; and t. portion of the nnd wodd 
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remain unvitrified, whil^ the fflasa actually produced would 
contain an excessive quantity ox silica. 

These observations do not apply to the preparation of mate- 
rials for making flint glass, the fusibility of which is much 
greater than that of other descriptions, owing to the presence 
of its large proportion of lead. For this reason, manufacturers 
of this kind of glass apply the process of calcination to the sand 
alone, with Jiie view of separating from it all carbonaceous im- 
purities, previous to its admixture with the remaining materials 

The name of fixed alkalies has been given to eoaa, and pot- 
ash to denote their property of resisting the destructive influ- 
ence of fire. As they are volatilized &eely by subjection to a 
red heat, this property cannot, however, be strictly ascribed to 
either of these substances, and the title must be understood only 
OS distinguishing them from other alkaline bodies, which are 
acted upon by comparatively low additions of temperature. 

The calcar is in the form o^ an oven about ten feet long, 
seven feiet wide, and two feet high. The coal used^ heatinj^ 
it is placed in a sort of trough on one side, and the flame is 
made to reverberate from the crown of the oven back to the 
frit In this operation, care is required to keep the degree of 
heat at all times within that which would melt the materials, 
and at first below the point whereat the yet uncombined alkali 
would be volatilized. 

The process must not be hurried at first; but afler two or 
three hours the temperature may be gradually raised until the 
mass becomes pasty. Having been kept in this state during 
three or four hours longer, it is then removed from the calcar 
and cut quickly^ before it has time to harden, into square cakes. 
These are piled away fbr future use. It is the opinion of many 
glass-makers that frit is improved in quality hy age; under 
which impression some among them so manage their operations 
as not to bring their store successively to use until it has been 
prepared far at least twelve months. 

The working fhmace is that wherein the frit, ^hen placed 
in the ^ass-pots or crucibles, is fully melted and converted into 
glass. These crucibles are deep pbts, varying in size according 
to the objects dT the manufacturer, but scsnetunes large enough 
for each to contain a ton weight of glass. Twelve or these are 
usuallv placed, at regular interval^ in the circumference of 
each kiln, their only opening being at the side nearest to the 
wall of Jthe kiln, in which they meet with corresponding open- 
ings, so that the pots can be readily charged, and their contents 
as readily removed, by the workmen who stand in recesses 
formed by projections of the masonry. The external form, of the 
fhrnace is circular, rising conically frtjgfi its base and termina- 
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V tbe centre of the f 
beafed air are made to envelop the pots, and thence pas on to 
the cbimnej iasuing Irom the centre of the dome. 



latt and Co., iy subatituting for one of the large twelre-pot fbr- 
noces they had been accustomed to aae two gimilarlj conalTiict- 
ed, but having only one half the diameter. The circtiinfereiiM 
of theae two being ti^;ether equal to that of the large fiuiMce, 
they are made to coulatn hb great a number of pota, and of die 
fl formerly employed ; while the internal area 



brought more than before within the intenaeat influence aF tbe 
fire. The'eame chimney ia m&de ta serve for both fiimaeea, ^ 
which means the expense attending tbe alteratioii has beeo 
mtich diminished. 

Fig. I. 




It is said, that the weekly expenditure of coala haa been 
'leaeened, by means of this alteiatum, to the extent often cfaal- 

The dinoeneioDs of the crucibles and lUmace shoald bear 
some relation to each other. If the former, from their dbnigo- 
live uie, are much below the efficiency of the fbrmce, » rer; 
ncedleas expenditure ^f^el will be the result; and should tbe 
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crucibles be too large for the power of the kiln, the heat will 
not prove sufficient In this Case, an excess of fluxing materi- 
als must be used in onler to form glass, which will he imper- 
fect, according as it is iused below tlie most beneficial degree 
of temperature. The relative proportions of pots and furnace 
may be somewhat varied according to the power of promoting 
combustion, which partly depends upon construction and situa- 
tion. Loysel recommends, that in general the aggregate area 
of the crucibles should be very little beyond one tburSi of the 
area of the iumace. The experience wliereon this recommend- 
ation rested was drawn from the use of wood as a combusti- 
ble, which require a greater space than coal for tlie develop- 
ment of a given effect The difierence thus arising would, on 
the other hand, be lessened by the necessity which we are 
under fi)r covering the pots ; whereas, if the kiln is heated by 
means of wood, Uiese may remain uncovered, and their con- 
tents will, in consequence, be more efficiently acted on by the 
heat Loysel states,* as the result of experunents continued 
•during a whole year, that the weight of dry beach wood con- 
sumed in a glass-house flimacei exceeded the weight of cool 
burnt in the same furnace, and during an equal period, in the 
proportion of 45 to 28l According to Lavoisier, the heating ef- 
fects of wood and coal are in the proportion of 1089 to 600. 

The result of Loysel's experiment i^ionld consequently have 
shown similar efiects from the combustion of 45 parts by weight 
of wood, and 24*8 parts of ooal ; the difference between this 
last quantity and 28 being, probably, the loss consequent upon 
i^vering the crucibles. 

The openings already m^itiooed, as serving for the introduo- 
ticui of the materials into the crucibles, and for the removal of 
the melted glass, are called 6occii9. These may be closed either 
wholly or partially, according to the need of liie worbnan, by 
means of movable collars, or, to speak more correctly, by tem- 
porary screens made of fiie-clay. On either side of each bocca 
is a smaller circular opening, sometimes called a boecareUa^ 
but more generally by the ftmiliav name of nose-hole, the par- 
ticular use of which will be explained hereafter. 

Th^ annealing oven, or lier, is a long, low, rectangular cham- 
ber, heated at one end, and furnished with, numerous shallow 
iron trays, which can be passed easily along the level bottom 
of the chamber. These trays are called lier-wms, w fraU^iea ; 
which names, together witii those of several implements used 
in glass-houses, are evidently adopted from the French. 

As regurds the structure of the annealing chamber, there is 
jiothing that particularly requires notice, or that will not be 

, ♦ L'Art de la Verrcrie, p. 72. 
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renderied sufficiently clear by the exfdanitioo of its ose that 
will be given in the following chapter, while descrilmig, b 
their regular course, the consecutive processes of the mann&c- 
ture. 

Every glass-house should possess within itself the means of 
making aS the crucibles and other earthen Qtensils that may 
be required for its operatbns. The conveyance of these fixxn 
any considerable distance would add materially to their cost, 
not only by the mere expense of carriage, bat dnoo^ the 
greater lialnlity to fracture, whereto such unwieldy vessels 
would in that case be subject 

These crucibles, or glaGB-pots, should be made with five parts 
of the best Stourbridge fire-clay and one part of old broken 
crucibles ground to powder for that purpose. Great nicety is 
requh^d in mixing these iuOTodlents and in working thon to- 
gether, in order to drive out from their substance every particle 
of air, the presence of which would, by its expansion in the flnv 
nace, occasbn the immediate breaking of the pots. 
The method invariably pursued ^ kneading the clay is, 
Pig. 2. that the workman treads on it for a consid- 
erable time with his naked foet, turning it 
over from time to time, so that every part 
may, in its turn, be subjected»to the required 
pressure. An attempt was recei\tly made by 
a glass manu&cturer to empk)y machineiy 
for the purpose; but after havmff incurred 
considerable expense, and exertea much in- 
genuity in perfecting hisappantos^ this gen- 
tleman has reverted to the old inartificial method, as being deci- 
dedly the best calculated to insure the goodness of his cmcihleflL 
This attempt at improvement was not rdinquidied, ontfl the 
losses which were sustained in its prosecution became of seri- 
ous moment 

After the crucibles are formed, they are sufiered to remain 
for a considerable time in the apartment wherein they were 
made, in order that they may. dry equally throughout their solv 
stance. It is not, indeed, considered prudent to remove tiiem 
from this situation until they shall have be^i farmed for of least 
a twelvemonth. 

For some little tune before a pot is put to use, it must be 
{daced in an. apartment wherein heat can be artificially cUlmit- 
ted, and either raised or lowered at pleasure. It is th^ r&* 
moved for about three days to a fiurnace particularly appro- 
priated to the baking of pots; and here the temperature, which 
at first is moderate, is gradually increased, until at last it is 
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made nearly as intense as that of the working ftumace, for ia- 
sertion in which the crucible is then sufficiently fitted. 

With all the skill and care that can be employed in their 
manu&cture, these crucibles will frequently break during a 
very early period 6[ their use, and the loss occasioned by that 
means to the manufiictarer is in many ways one of very seri- 
ous importance. 



CHAPTER IV. 

ON THK MANUFACTURE OF FLINT GLASS. 

The most beautifiil and costly Kiiid of Glass.— Infportance of its duality Ibr 
Optical Purposes. — Experiments for its Improvement — Undertaken by the 
RofBl Sodety — Promoted by Government. — Distinruishinf Properties of 
Flint Glass.— To what owin;. — Diflerent Compositions. — Process of Melt« 
ing.— Glass-Gall. — Its Use.— Curious Plienomenon. — Implements. — CoIm 
lectiug Glass on Rod. — ^Marver.—Paraison.— Blowing.— Re-heating.-' 
Elongating. — Pontil. — Fashioning. — Detaching. — Removal to Annealing 
Oven.— Moulding. — Anndoling.— -Why indispensable. — Bologna Phials. — 
Rupert^s Drops. 

FuNT glass— known in foreign countries under the name of 
cryHal — ^retains among us the title ori{?inally imparted by its 
prmcipal ingredient, although the use of flint m its composition 
lias l<Mig since been discontinued. 

This glass is the beautiful ^d peculiarly refulgent com- 
pound whereof the finest articles designed for domestic use 
or Ibr ornament are made. Of all the vitrified compounds 
that are manufiictured, it is the heaviest and the most brilliant; 
the one most easily fasliioned by the hand of the workman, and 
that which has the greatest renactive power. It is also, from 
the nature of its constituent materials, the most costly. 

Yesseb of flint glass cannot, however, be properly applied to 
all purposes. IC for instance, they are used to contain ca> 
booate of ammcmia, they will very soon become so exceedingly 
brittle, that the veiy slightest apparent cause will occasion 
pieces to fall out C^smmon green bottle glass is not liable to 
tiiis objection. 

'Were we to judge from the practice of diflferent manufko- 
turers, in bringuig together the mffredients that form this com- 
pound, we must believe, that to adthere to any exact proportions 
is by no means indispensable. In almost every different glass- 
house a peculiar recipe is followed, and no two writers upon 
the subject agree in toeir statement of the exact doses wherein 
any of its components should be used. It is by no means be- 
lieved, however, that these vague proceedings are without in- 
convenience, or that some particular compound might not be 
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discovered and adopted, which, for nMoiyi purposei^ woiiU be 
superior to every other. 

The empioyiqeiit of thk species of glass in the codstnictiQa 
of optical instruments renders every attempt towaEds its ioi- 
proveoient a matter of universa], interest and importanca A 
committee ol' scientific men have been foaetbme ycais engaged, 
at the expense of government, in a series of experinieiita»: with 
a view to discover «ome composition by which glass may be 
obtained in large pieces, free fimn those defects which have 
hitherto circumscribed the power of telescopes within a nar- 
row limit In such investigations, however, great difficulties 
are to be encountered ; and a long time is as neqesBary as great 
talents to overcome tliem. The progress 3vhich has been made 
by the committee, thou^ not perhaps 00 great as the 'lovers 
of science could have wi^ed, is still as gn»t as tiis jifficulties 
oi the sul^ect — even in the roost able hands— would have led 
0s to hope fi)r, and is sufficient to justify sai^guine anticipatioDs 
of future success. 

The properties of flint glass which diiAingnish it fitm other 
vitrified substances are owing to the presence (^some metallic 
oxide. Ail metals, when oxidated, will combine with silica 
and alkali to ferm glass. Few of them are, however, propeiiy 
qualified for the purpose, in consequence of their imparting 
colors to the mass. The oxides of lead and of bismuth are the 
only two which may be need in sufficient quantity without pro- 
ducing this inconvenience ; and as lead is by miidf the cheap- 
est of these metals, it is always preferably empk)yed in the 
manu&cture. An over dose of lead will, indeed, discolor glassi 
imparting to it a tinge of yellow. 

It is essential to tne goodness of the glass that no impurities 
or foreign matters diould be combined with the lead, and as 
tiie adulteration of its various oxides is bodi easily effiscted, and 
difficult of detection, the glass-maker who does not prepare 
this substance for himself^ should make his purchases only ntxn 
persons on whose probity he can re'ly. Ixtysel reeommends 
the use of ndnium, as being less susceptible of adulteration 
than the other oxides of lead. English glass-makers nxve fre- 
quently employ litharge. 

The author just mentioned gives as the composition of crys- 
tal, where coal is employed as fiiel, — 

White sand 100 parCa 

Red lead .... 80 to 85 

Pearl-ash Sdto4(l 

Nitre 2to3 

Oxide of manganese 0-6 . 

Where wood is used fyr the reduction of the ingredients^ and 



I 



CHAP. IV. FLINT GLASS. 183 

"Where consequently, the crucibles may be left uncovered du- 
ring the process, a difierent mixture is preferred. In this, a 
much smaller proportion of metallic oxide i& added ; and the 
reason assigned by M. Loysel fer this variance is, that the air, 
having constant and unimpeded access to the surface of the 
glass, supplies any deficiency of oxygen, while the process is, 
through the more direct application of heat, more quickly per- 
formed and the glass when manu&ctured is harder and more 
durable. The proportions given fer this compound are, — 

White sand 100 parts. 

Red lead 50to60 

Pearl-ash 30to40 

Oxide of arsenic 0-75 to 1 

The specific gravity of this glass will not be so great as that 
of the former compound in the proportion of 29 to 32, and its 
refractive power will evidently be smaller alsq. 

Messrs. Aikin, who, as a matter of scientific research, 
formerly directed their minds to the consideration of this im- 
portant branch of manufacture, and who then made many ex- 
periments connected with the art of glass-making, state* that a 
very excellent article may be made from — 

120 parts fine clean white sand ; 

40 well purified pearl-ash ; 

35 litharge or minium ; 

13 mtre, and a small quantity of the black 

oxide of manganese ; 
the superior fiuxing power .of the nitre supplying, in that 
respect, the. difference which exists in the proportion of lead 
bet\^een this compound and the first formula of Lo}i^l. To 
introduce so large a dose of metallic oxide as is recommended 
by the French author produces an inconveniently soft material. 
That th^ proportion is excessive may well be inferred from the 
&ct ascertained by Dr. Priestley, that if a tube of glass so com- 
poimded be made red-hot, and a stream of hydrogen gas be 
passed through it, the whole inner sur&ce will b«L covert witli 
a half brilliant black substahce, which results from a partial 
reduction of the lead, and moisture will appear at the further 
end of the tube. 

The result of many preliminary experiments made on a re- 
cent occasion by Mr. Faraday, with the object of producing per- 
fectly homogeneous glass for optical purposes, induced that gen- 
tleman to give the preference to a compound of silica, boracic 
acic^ and oxide of lead, brought together in single pr(^rtionals, 
and which he therefore designates a silicated borate of lead. 

"' Dictionary of Chemistry, vol. i. p. 496. 
M 
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The important aim of Mr. Faraday's inquiries induced him 
to Delect no one particular by which they could be fixrwarded, 
and he accordin^Iv employed all those chemical means with 
which he is so perfectly acquainted to insure the absolute purity 
of the ingredients which he thus selected. 

The oxide of lead was converted from the state of litharge 
into a nitrate by first washing it and separating the carhop 
ceous and ferruginous particles, and then placing it in a clean 
earthen vessel, and dissolving in dilute nitric jucia, so as to form 
a hot saturated solution. After 18 or 24 hours the crystals 
which had formed were collected, broken up into small parti- 
cles, and repeatedly washed in fresh clear portions of the 
mother liquor, in order to remove any insoluble deposited mat- 
ter. When thus perfectly cleaned, the broken crystals were 
drained, and then dried by being placed in a sand bath and 
constantly stirred, after which Siey were preserved in glass ' 
bottles for future use. 

Mr. Faraday was enabled to procure pure boracic acid in 
crystals from the manu&cturers, subjecting it in every case, 
however, to careful examination, and testing it by various 
agents to ascertain the absence of impurities. 

Sand from the coast of Norfolk needed no other preparation 
to insure its purity than to be well washed and calcined, and 
this was the only source whence Mr. Faraday drew his supply 
of silica. 

The previous fritting described in the last chapter was 
formerly performed for me manufacture of all kinds of glass; 
but, as regards the kind under description, is not^now 
adopted. The materials are used in a state of greater purity, 
and thowprocess is, on that account, as well as for another 
reason already given, no longer considered advantageous. 

The ingredients having been intimately mixed, are cast, by 
means of clean iron shovels through the side openings, into the 
crucibles; which, previously to Siis, must 1>b brought to a 
white heat The pots are filled at once with the mixture ; 
but as the bulk of this decreases materially in melting, a fresh ' 
portion must be added when this efiect has been produced ; and 
this operation is repeated until, by these successive fillings, the 
vessels at length become fully charged with melted glass. Be- 
fore any fresh portion of materials is added, that ali^idy in the 
crucible must be completely melted. When this is luU, the 
opening throng which the charge was introduced is materially 
lessen^ with wet clay, so that only a narrow hole remains^ 
through which the impurities may be removed, and small por- 
tiona of the contents may, from time to time,' be drawn for 
examination. 
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Immediately upon the materials being[ placed in the cruci- 
bles, the heat of the furnace is raised to its highest point. The 
contents are soon observed to sink down in the state of a soft 
paste, and ere long become perfectly melted. The glass does 
not, however, immediately tiiereupon appear transparent, but 
loses its opacity by slow degrees, as a white porous scum, 
known by the name of sandiver or glass-gall,, rises through 
the mass and is removed. This scum appears to consist of 
salts, which more or less exist in alkalies, and which salts, hav- 
ing little or no affinity for silex, and being specifically lighter 
than glass, rise to the top. Another foreign' substance is some- 
times found at the bottom of the pots, and is removed when the 
glass is worked ofi! This, which is also called sandiver, is of 
a nature altogether different &om the scum before mentioned, 
l>eing a vitrified mass c^ metallic and earthy impurities. In 
the strong heat of the furnace glass-^U is exceedingly volatiTe ; 
so that, if not removed as it forms on the sur&ce, it would all 
be dispersed in the form of a dense vapor, very dark at first, 
and growing white by degrees, as the glass becomes purer. 
This vapor is very corrosive, and acts injuriously upon the tops 
of the cruciblea 

Sandiver is purchased by refiners of metals, who use it as a 
powerfiil flux. It is necessary that the whole of this substance 
i^KHild come away before the glass is withdravm from the pots 
for use, otherwise articles formed with it will appear cloudy, 
and filled with bubbles. A very strong anJ long continued 
heat is generally required before the whole impurities are dis- 
charged. As the process advances, the glass proves increas- 
ingly flejyble, heavier, and less brittle, till at length the glass- 
gall is altogether thrown ofi^ no more vapors rise, the bubbles 
expand, rise to the surface and burst, and the whole is seen to 
be colorless and translucent. 

In this state, vitrification is complete, bat the glass is too fluid 
to be fashioned, and for this purpose its temperature must be. 
lowered by stopping the draught of the furnace in that particu- 
lar part where the crucible is placed ; the clay wherewith its 
opening was lessened is then removed, and the operations of 
the glass-ldower may be commenced. 

When cooled to the heat most proper for its being wrought, 
the glass has lost its perfect fluidity, being of a consistent and 
tenacious mass, soft enough to yield to l£e slightest external 
impression, yet capable of being bent, pulled, and fashioned into 
all imaginable shapes, without cracking or parting with its te- 
nuity ; so that if in this state it be stretched or drawn out, it will 
preserve the form of a solid fibre, constantly decreasing in its 
diameter, and will not separate until reduced to the merest fila- 
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raent When no longer heated to redness, glass hjscamea nsid, 
brittle, and transparent During^ the whole time employed in 
working a pot of glass, which varies from five to twenty nouns, 
and is sometimes even longer, its consistence should be main- 
tained as nearly as possible at the same point, and to succeed in 
this calls for considerable attention on the part of the wm-k- 
men. 

The contents of all the crucibles do not come into the work- 
ing state at the same moment ; but no injury arises finom this 
cause, as glass may remain for a very considerable period in the 
melted state without, in any respect, altering its gualitie& The 
fusion and perfect refining of flint glass, as here described, are 
usually completed in arout forty-eight hours from the first 
chargmg of the crucibles. 

In the operations of a glass-house it is, indeed, common, pur-. 
posely to manage the vitrifying of the materials so that the coo* 
tents of the diS^rent crucibles shall be brought to the state 
proper for blowing in succession, that when the glass contained 
in one is all worked up, that in another shall be in perfect 
readiness for use. By this arrangement the workmen experi- 
ence no interruption, and tne heat of the furnace is constantly 
maintained, which last is a consideration of some importance; 
for if through any accident, the temperature be allowed to sink 
in a material degree, considerable expense of time and fuel are 
required for its restoration. 

It is by no means advisable to employ in the formation of the 
same glass vessel materials drawn from more than one cruci* 
ble. Although the original composition may have been alto- 
gether identical, and the fusion of all has been simultaneously 
carried forward in the same furnace, still a minute difibrence 
may, and generally will, exist in the constituent propcHtions of 
each mass, arising from an accidental variance oi draught, and 
consequently of heat, 4n difierent parts of the furnace, whereby 
some crucibles may have been made to part with a larger pro- 
portion of their alkali than others. Any circumstances which 
interfere with the perfect sameness of quality in every part of* 
vessels formed of glass' renders them more liable to break on 
exposure to sudden changes of temperature, by reason of their 
differing tendencies to expand and contract under such circum- 
stances. 

' The implements used by glass-blowers are few in number, 
and exceedingly inartificial in their ferm and construction. 
The principal one is simply a hollow iron rod or tube, about 
five feet long, upon one end of which the workman collects the 
quantity of meltied glass that will suffice for forming the article 
intended. In this operation the rod is dipped into the pot ami 
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turned aboat several times. If the siz^df the vessri requires a 
considerable weight of glass for its fimnatioo, the rod is taken 

Fig. 9. 



out and exposed momentarily to the current of air, by which 
means the sur&ce of the glass already collected is sufficiently 
CQoled for a fresh portion to adhere, and this proceeding is re- 
peated until enouffh is collected for the object 

When the to^ uios loaded is withdrawn from the crucible, it 
is held for a few seconds in a perpendicular position, the end to 
which the ^lass is attached being nearest to the ground, that by 
its own weight the mass may be lei^fthened out l^yond the rod. 
The next operation is to roll the gls^ on the fiat^ surface of a 
smooth hon2ontal iron plate called the marver, a name corrupt- 
ed from the French word- " wiflrfrre." By this means the par- 
ticles oi glass are agglcnnerated in a cylindrical form, which is 
then calleid by the workmen a paraison. The workman then 
applies his mouth to the other end of the tube, and blows strong- 
ly thf ough it, so that his breath, penetrating the centre of the 
red-hot glass, causes it to be distended into a hollow globe. The 
wessure of llie breath must be continued upon the tube for a 
fbw seconds to prevent the return of any portion of the air 

Fiff.iL 




through the tube, otherwise the external air being more dense 
than me heated portion confined within, the globe would col- 
lapse : when it 1ms been somewhat stiffened by cooling, this 
accident is no longer to be apprehended. 
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The gkbe, which b not nHule aufficientlf thm bf this am 
blowing, ia then heated anew bjr being held a little withm the 

■ opening of the furnace; the breath is again empli^ed aa before, 
and eo on repeatedly, until the' ptopei size and thickneas of the 
globe are satiB&clorUy attained. 

IT the Sam of the intended vessel requires lbs ^obe to be 
elongated, this efiect is produced by giving to the tod, while ' 
the gloss attached to it is softened by heat, an alternating mo- 
tion similar to that of a pendulum, or b; dexterously making il 
perform a circle swiftly throuBh the air. The tendency to fly 
off from the centre which is uus imparted cauees the paiticlea 
to change their relative positions in a degree corresponduig with 
the amount and duration of the force employed. 

At this stage another implement, called a puni, or jiontii, is 
brought into use. This is a solid inm rod of a cylindrical fiirm, 



amaller and lighter than tlie tube used for blowing, ahd conse- 
quently more within the power and management of the work- 
man. Opon one end of this rod a femall portion of melted glass 
is cdlected, by an assistant, from the crucible, and in this stale 
ifl a[^Iied Co the surtkce of (be globe on the side opposite to that 
where it is already attached to the tube. '-The two heated sub- 
stances speedily uniting, the glass is detached &om the hollow 
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to cnck, so that 1^ giving a amort stroke to the hollow rod, it 
is impiediatelf luid safely Bepanted, leaving a amHll hole at the 
point of rupture. 

The wmkmui now receivea ficM hia attendant the pcntil 
with the glass vessel attached, and after reheating it at the 
Ibniaee mouth as before, seats himself cm a sort i/ stiMl provided 

Pig. 7. 




with anoB sloping forward, whereon the pontil is supported be< 
fijre him in a horizontal position, the glass being at the man's 
right hand. Thus placed he governs with his left hand the 
movements of the pontil by twirling it to and fro along the arms 
of the stool ; and taking in his rinit hand an iron instrument, 
called a. procello, the blades of which are connected together by 
an elastic bow, in the manner of a pair Pig_ g, 

of sugar-longs, he enlaces or contracts 
the vessel in different places until it 
sumes the requisite Ibnn. Any supt 
bundance of material is cut away by the scissors while the 

flass is red-hot, with as much esse as they could be made to 
ivide a piece of soft leather. 
If the article ia of & kind, by its size or by the complex na- 
ture of its tbrm, to occupy much time in its manu&cture, it 
roust occasionally be reheated, aa its increasing rigidity makea 
it more difficult of ' 



To insure the reqaisite regularity in shape and size, the 
workman is provided with conipasws and a scale marked off* in 
fbet and inches. 

The finished article is detached from the pontil in the same 
manner as it has previously been llrom the blowing tube, by 
v/glting it at the point where it is attached, and is then dropped 
gently on a bed m ashes kept at the roan's side for the purpose. 
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It is then taken up on a pronged stick, or, when fixxn its shape 
this mode is inconvenient or impractidaUe, the glass is made 
to rest during the detaching process on a wooden shovel, 
wherein it consequently remains when divided. In either case 
a boy in attendance coiiveys it ^thout loss of time, and vriale 
yet exceedingly hot, to the annealiiig oven. 

If it be required to give to the article any form or pattern 
which is unattainable by the simple means narrated, a mould is 
provided, into which the glass is placed while it is being blown, 
and where it receives the requisite impression with as much fii- 
cility and faithfulness as wax. 

The process of annealing is one of very great importance; 
without it, glass would be liable to fly with tlie smallest change 
of temperature, and would break with the merest scratch or 
touch, or even without any apparent external cause of injury. 
The most reasonable theory which has been proposed in expla- 
nation of this disposition in unannealed g^ass is, tliat by its sud- 
den cooling the external particles are forcibly contracted, while 
the inner substance still remains soft and expa^ed. The two 
portions thus take up positions, in relation to each other, very 
different from those which they would occupy if the contraction 
of tlie whole had gone forward equally and gradually. By this 
means a constant strain is kept up between me dii^rent perts^ 
and should a force be applied of a nature to rive any the smallest 
portion asunder, the equilibrium of resistance is deranged^ and 
the elastic quality of the glass causes the injury to be folt 
strongly and suddenly, but very unequally, through the whcAe 
mass. 

This theonr appears to receive confirmation from the well 
known and often repeated experiments made with the Bologna 
phial and with Rupert*s drops. The first is a phial of ordinary 
shape made of any kind of glass, much thicker at its bottom 
than in its upper portion, and which has been suddenly cooled 
in the air. This phial, from its thickness, will sustam a con- 
siderable blow fix)m any blunt instrument, or wiU bear unin- 
jured the sudden concussion caused by the fall of a leaden bul- 
let But if any hard and angular substance, such as a minute 
portion of gun flint or even a grain c^ sand, be dropped into it, 
the bottom will crack all round and drop off. In performing 
this experiment, if the glass be very brit^e and the substance 
dropt upon it be very luird and sharp— a cut diamond for in- 
stance — ^this'has been seen to pass through the thick bottom 
with apparently as little resistance iels wcmld be oflfered by a 
cobweb. 

The greater comparative thickness of the bottom is an in^m 
pensable quality of these Bologna phials, and the more obnod- 
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eraUe this disproportion is made, the more easily will the dis- 
ruption be effected. Some of these vessels have been struck 
by a wooden mallet, and were uninjured, notwithstanding the 
force applied was sufficient to drive a nail into most kinds of 
wood ; and yet the glasses broke readily when a small shiver 
of flint weighing only two grains was gently dropt within them. 
Flint being very hard, and its angles when fractured extremely 
sharp, its points of contact with the glass are exceedingly 
small, so that the effect produced by even so very minute a 
portion of this substance will be comparatively greater than 
would accompany the blow given by a much larger but softer 
and less angular body, and which for these reasons would di- 
vide the shock between a greater comparative number of parti- 
cles of the glass. 

Another uieory has been proposed in order to account for this 
singular property in certain ferms of unannealed glass. It has 
been imagined that the sudden cooling of glass may occasion it 
to be more electric than is consistent with the cohesive attrac- 
tion of its particles, and that the sudden setting in motion of 
the electric fluid which glass contains, may occasion throughout 
the substance a propagation of the motion of that fluid, which 
will go on accumulating within itself a force too great to be at 
length resisted. 

This theory is ly no means free from difficulties, yet it seems 
to derive support from a &ct which was developed in the course 
of some experiments made before the Royal Society, in which 
glass vessels, thejthick bottoms of which were only slightly 
rubbed by the finger, broke after the interval of half an hour 
Ijad occurred from the time of rubbing. 

Rupert's drops are small solid pieces of common green glass, 
which have been dropped while red-hot into cold water, and 
which are thus caused to take the form of rounded lumps elon- 
gated into a kind of tail. The spherical part will bear very 
roog^ treatment without injury ; but if the smallest portion of 
the tail be broken off, the whole article instantly bursts into a 
countless number of fragments, so minute as te^ produce only a 
slight stinging sensation in the hand by the sudden disruption. 
If one of these drops is immersed in a phial or ta^l ^lass filled 
with water, and its end be broken oif with a pair of pmcers, the 
bulb will be rent so suddenly and with so great a force as will 
infldlibly break the vessel wherein it is contained. The stoutest 
wine or beer bottle would not be strong enough to withstand 
the shock. 

Messrs. Aikin completely (lestroyed this property in drops of 
this kind and in Bologna phials, by heating them to redness and 
then allowing them to cool gradually ns in the annealing oven. 
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Not only w«s their quslitj of buTsttng cdTrected bf this ttMU 
ment, but the particles of kIssb were mode to aawme a cbMT 
unioo among themselves, which &ct wu proved by tho acqidi^ 
ment of a Beneible iacnaaB in their qtecific gtwwity. 

The internal fcHmi of an annealing oven haa Eten alteadjde- 

ecribed. Artidee newly made are placed oa the ^lallow tnn 

Fig. 9. 



^^^^ 



previously mentioned, in the part of the oven moet expoaed to 
the beat of the fire, which, it will be remembeied, ia kinged . 
under one end only. Each one of these lier pans or fiaJches, aa 
it is ^lled, ia pudud fbrnard in the oven, towardi the coldw 
end, to make place for a fresh tray, until Uie aisles, at length 
and in succession, reach the Rtithest extremity of the oiven, 
whence they are taken, bnt little wanner than tiie temperatum 
of the atmoephere. 

By the gradual nianner in which they have parted with thdr 
heat, time has been allowed for the r^[ular contraction of the 
whale into an nnifbrm and consistent erubetance. 

In ^Isaa-houaea where obfecta of varioos magnitudea and de- 
Bcriptions are made, two or more of these annealing ovens ai« 
usually attached to each working furnace.. Pieces which are 
large, and of considerable snhstance, require that the oven in 
which they are annealed should be made much hotter than is 
necessary for thinner and smaller pieces. Glara which is after* 
wards to pass through the bonds of the cutter ia always made 
ofconsiderable thickness, and requires not only that the heat 
of the oven should be very considerable when it ia first inserted, 
but that it should be withdrawn fi-om this heat very graduellr; 
whQe,'oD the contrary, such articles as are very thm tnaj be 
placed at first in a much mgre moderate temperature, and may 
be removed altngetber at the expiration of a few liouie. 
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It is imposBible by written explanations to impart be3rond a 
very &int idea of the truly curious and interesting operations 
of the glass-blower. This difficulty does not arise nrom any 
complexity in the manipulationa Although, in common with 
nearly all the manual aits, these call for long practice to insure 
prbficiencjT, they are yet exceedingly simple in their nature. 
But there is something more than ordinarily striking — perhaps, 
even, it may be said fascinating — ^in watching the progress 
through which a substance, in its usual state rigid and brittle to 
a {HToverb, passes, by rapid conversion, from a glowing and 
shapeless lump to a perfect article of most elegant manufac- 
ture. The absolute control which the workman exercises over 
its *form and substance ; the perfect ease and security where- 
with he pulls, and twirls, and divides, and joins, a matter which 
we are accustomed to handle with only ^fentleness and care ; 
never fiul to excite a high degree of admiration even in those 
who have had frequent opportunities for witnessing the pro- 
cesses. 

The amusement to be derived from watching the operations 
employed in many branches of manu&cture is probably much 
greater than would be imagined by persons who have not so in- 
dulged their curiosity; and among these manufactures, al- 
though there are doubtless many that call in a higher degree 
^r-our admiration as proofi of the genius and perseveran^ oi 
man, there is not one calculated to sffbrd, for the time, more 
gratification than the operations of a glass-house. 
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ON THE HAHUFACTURE OF CROWN GLASS, BROAD GLASS, AND 

DOTTLE GLASS. 

Description of Crown Olaas.— Harder than Flint Glass.— More difScalt to 
Fashion.— Its Composition.— In Prance.— In England.— Fritting.— Cullet, 
—Refining.— Sulphate of Soda.— Vegetable Charcoal.— Gathering.— Blow- 
ing.— Reheating.— Flattening.— Transferring to Fontil.— Twirling.— Ex- 
panding.— Opening.— Annealing.— Nice Regulation of Temperature re- 
quired in this Process.— Q,ualities of Crown Glass.— <}erm an Glasa— 
Broad Glass.— Inferior to Crown Glass.- Its Composition.— Preparation. 
—Working.— Bursting.— Opening.— Annealing.— Bottle Glass.— Manufac' 
tare checked by Increase of Duty.— Composition.— Restrictions as to Ma- 
terials.— Their bad Tendency.— Superiority of Bottle Glass for certain 
Purposes.— Materials employed in France.— At Newcastle.— Fashioning. 
— ^Moulding.- Experiments suggested by Count Chaptal.— Klingstein. — 
YolcaBic Granite. 

The name of crown glass is given to the best kind of glass 
commonly used in making windottrs, and for like purposes. In 
tiie composition of this material, no lead or metallic oxide en- 
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ters asa fluxing agent A small quantity ci manganeie is ISre- 
quently used, uid sometimes also a jninute portioii of oxide of 
cobalt ; but the object of these additions ia the correction of a 
faulty color in the glass, arising from ^npuritte8 in the sand and 
alkali. This kind is, therefore, much harder than flint gkuB, 
and would consequently be more difficult to ftahion, if it were 
desired to give it any other form than that of a plane 8ar&ce. 
The composition of crown glass varies considerably. Loysel 
has given several difierent recipes for its formation. That 
which he most recommends, statm^ that it is employed at the 
extensive works of St Gobain, consists of 

Fine white sand 100 paitSL 

Carbonate of lim^ 12 

Carbonate of soda, calcuied, 45 to 4S 

Clippings of crown glass • » 100 ; 
with such additions of manganese and oxide of cobalt, as mav 
be required to correct impurities and remove the color which 
they occasion. By proper carefulness in selecting and purify- 
ing the ingredients, the employment of these metulic bodies is 
rendered unnecessary. 

Crown glass is generally made in France of 100 parts of 
fine white sand, 50 to 65 parts potash, 6 to 12 parts dry slaked 
lune in powder, and from 10 to 100 parts of fa|x>ken ^ass of 
sin^ar quality : this composition is freqaentljr empbyed in 
that country for the manunicture of common drinking vessels, 
fi£ well as of window panes. 

In England, this material has usually been composed of fine 
Lynn sand, kelp, and slaked lime ; the proportions of these in- 

fredients varying according to the quality of the kelp, some 
iiids of which contain a greater amount of alkali than others. 
That from Orkney is considered to be the biest, not only on this 
account, but also because the glass which is made dT it proves 
of a better color than where ^otch or Irish kelp is employed. 
The proportions when the kelp is of the best quality are, 

Fine sand .... 5 bushels or 200 pounds' weight, 

Ground kelp . 11 830 

Slaked lime 15 ; 

which ingredients are fritted in the calcar as already described, 
preparatory to their fusion. When put into the crucible, about 
half its weight of broken glass, or, as it is called in the manu- 
factory, culiet, is added to me &it This compound requires to 
be kept in fusion at a high degree of heat during thir^-five to 
forty hours, in which time an intimate union of all the parts 
t^kes place ; the glass refines itself by throwing off all its san- 
diver, and becomes perfectly transparent It is not advisable to 
use a larger proportion of broken and refiise glass than that 
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iust mentioned, because, by its long exposure to heat whan in 
fusion, glass is made to give up a portion of its alkali, becoming 
harsher and less fusible. ' The quantity of glass usually em^ 
ployed is. serviceable by sooner bringing the pot to a working 
state ; but any larger quantity would, for the reason just stated 
sensibly alter the ouahty of the whole contents of the crucible. 
The fiagments, berore they are used, are first heated, and then 
suddenly plunged into cold water, which renders it easy to re* 
duce them to powder. 

A very superior quality of crown glass is made by the mix- 
ture of 

120 parts by weight of White sand, * 

60 Purified poarl-aab, 

SO Saltpetre, 

2 Borax, 

1 Arsenic 

If the color should prove yellow, this is correeted by the ad* 
ditioo of a small quantity of manganesa 

Another composition, cheaper tmm the foregoing, cotnaiati of 
120 pounds of White sand, 

50 Unpurified pearl-ash, 

20 Common salt, 

^10 Saltpetre, 

4 Arsenic, 

and 3 ounces' of Manganese. 
This produces glass of a good and useful description, much em- 
ployed in the manufacture of apothecaries' vials. 

The late M. Gehlen, who was well experienced in the art 
of glass-making, composed crown glass of the following ma- 
terials*: — 

Sand 100 parts. 

Dry sulphate of soda . • 50 
Quick-hroe in powder . 17 tQ 20 

Charcoal 4. 

In this case the sulphuric acid in combination with the foda if 
decomposed by the charcoal, and driven oflT during the fukion, 
leaving the soda to unite with the sand. M. Gehlen mad* 
many experiments to ascertain the efiecta of various combina^ 
tions with sulphate of soda, and found that this fcwlt could U 
used without the addition of any other saline flux. If miW 
with only sand, the vitrification was very imperfect even sfwr 
long-continued heat The addition of lime caused it to krj#> 
ceed better, but the time and fuel required were still exeM»f «, 
When, however, by the addition of vegetaWe cbueanl tkc «i.- 
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pboric acid wis deoompaeed, end the puw eil iil wMnitf de- 
stiojred, which prevented the soda ftoo wctiBf oo the sun, vit- 
rification was prcxluced both perfectly and quickly. If nnd in 
any other proportions than those above mentioiied, M. GeUok 
fonaad that the fusion was aooompanied by d i sa greea ble solphm^ 
ous odors, and by an extraordinary swefiing oiver of the BaatS' 
rials. The decomposition of the sulphate of soda majr be 
eflfected with equal advantage, either during or beixe vllrifl c a - 
tion, according as the choice of the manuftBtnrer may be ioAi- 
enced by local circumstances. 

When the materials are properly fused and refined by the 
removal' of all the glass gyll, the wcnrkman eooimences his 
blowing operations iujexactly the same manner as has already 
been described in the process finr making flint ffkuas. By ve- 
peated dippings of the iron tube into the crucime, he ga&ien 
as much glass upon its end as experience teaches him i^nll su^ 
fice for the fimnation of a sheet of glass of the usual nae, and 
which generally weighs from ten to eleven pounds. This lamp 
he allows to poject beyond the extreme end of the tube ; and 
first rolling it on the iron plane befine described, to give the 
glass a cylindrical form, he commences blowing, when it as- 
sumes the shape of a pear. A fresh heating and a second blow- 
ing enlarge its dimensions, and render its shape jmnre globul&r. 
A third operation of heating and blowing still further enlarges 
the size of the glass, and r^uces its^subetance. The side op- 
posite to the tube is then flattened by pressure against a jdame 

Fig. 10. 




sur&ce ; a small portkn of melted glass is colleeted on the eiad 
of a punt, and is applied to the centre of this flattened side, 
fbrmmg an union wiUi it exactly opposite to the bellow tube, 
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v/inctL is then removed bv wetting iJie gkas near to their p6iiii 
of unioii, leaving a circouur hole in the glass about two inchee 
in diameter. 

At this period the glass must be again held to one of the 
epenings of the furnace until it has became sufficiently hot and 
ductile ibr the further alteration of its shape. The workman 
then dexterously twkls the punt in his hand, slowly at first, 
and then more and more quickly, when the glass yields to the 
centrifugal impulse ; its diameter becomes greater and greater ; 
the hole just mentioned expands proportionally ; and when in 
this cootinued progression the doubled nation opposite to the 
iron rod, and li^ween tiie perip^iery of^ tiie glass and the ori^ 
fice, is diminished to an annulus or ring only a few inches 
wide, this in an unaccountable manner instantly^ 4ies com- 
lately open, and the ^ass is converted into a j^ane disc of 
fifty to sixty inches diameter, having an unifbrm thickness 
thiooghoat the entire {date, with the exception of the spot 
idiere it is attached to the iron rod^ and where there is a knot 

Fig. 11. 




or lump which is called a buWt eye. Twelve of these plaies 
make up what is c%lled a crate or side of glasBi 

l%e efiect of this operation upon persons who witness it for 
the first time is both pleasinff and surprising in a hi^h deffree. 
The fiirce wherewith the gbss flies open at the close of the 
process would be sufiicient, if its brittleness were not removed 
by heat, to break it into innumerable fragments. 

The plate, when thus finished, is detached from the iron rod 
by the usual method, and placed resting on its edge in the aiK 
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iMMhng iivrii. Some oonsiderable care is nrrnweiy fir regnh* 
f iit>* fill' riMiiivrntun* at this stage : for if the heat be too ffreal, 

•:t- ^•:'--.i ii 'J i>.N Aiil lii-iul, niui tup tliat reason will be leaRO- 
.•ii I v;iini', vMiij«', ii'iiii' «ivtMi be not suiliciently hot, tbe ;Kates 
iiv «tM% ..MMv Uirrru'k; aiui if *'\'on tliis disuter shouid not 
ti •»•:.•», ":i' 'J. J N w.il ;m)vr oi' interior quality, and so brittle, 
:ni ii* ;i.i.-iri Will !h> uMahle to cut it with any degTeeofcer- 
..i..u\ II iiu* *\iNiii'»i-lnr iiin.'cLion. 

\ ■•.»•« :i ;isi.vN :> >4iiii, aci'oriiiiiir to its quality, under fimrdif^ 

.cst-iii .iciiiMir.naiKMiat-— iiRsts, :K.'Cond!s thirds, and fourths — tt 

.\*:i%u.fin.'iti ,i:.u'rt'iK*f m' price; tliat ot' the fburth quality not 

» :v.. ::tx -.v :.'u' ;:'dmi;:u*turt»r nearly one half of the price of 

.•w •:%; ••'u'SM' \::r!a(;i'M:^ arise principally frona the wanted 

»» Tn •«:»; . -i.t" .♦ii .:::• :«:ir( ih' ".ho attendants, in maintaining the 

».N.^ a».j: % .:;■ n-i* .♦:' jiMi ij I It' uimace. If this is once suQex^ 

^\ '.» . . . . 't' ♦iv:vii\ .'i* r-js** :n bein^ a very imperfect con- 

• • •' '■ «;• . v.- .:•:>» i .■.■.■v':.i airain to raise it to the former 

»• ^'t- -.' ' *■•.:. »• ■> .m" .1 arp? irlass-house, it does not 

• ■ .* • •- M.- :::n.: of :iie quantity made is of 

• ' "^ ■ . " i:s v'-nuLxis*? the larofest propor- 

■•• » ■ ^ ..oiM «>ivun? that the quality 

• *■ ' "^:" :•• » .eiioniinatibn:«. 

■• ■ . •>->* ^..v 1 as? an.' r»Hiuired tor g-lazing 

• *■ ** >i ..' v ;mported from Germany. 

• * - \Av.i*.. »'r : \'n^ iinie. been not only io- 

• ^ • ■ "t'^.'^N ••' il! !or?i^ manufacturers, but 

• ■• ■ . ?v ^t » ■ '..- e.xDorleu to a considerable 

• •••• -•.■- r. ^- -::*scripti'jn j:' window glass, 

.. -• -v : \: '\ 1 soire »;:a: diderent pro- 

.%-ii • . .• -.. . •.-;. ij., ieecr.vi. The material 

•f -* ... « •-.•tTv •.-.- ..*-.? .\:-.\>5e » 3oa>boi]ers u'aste. 

*-v ^....^.. ^. ». i ^vv.- -.-tees A"::5isfngof the Jisoluble mat- 

» • ' ♦x .. V -,- .\" ■ *t* ';.ne which has been used 

-^ >. - ■•-■r:* 'cr wKh 1 quantity of salt 

M » .-. •* N ^. .^x, . •.-■ > .J .,«•• f'th "\*.!r» asc sand, and 

■ ^ •• - '"•"^ t -» ■ "^ t'^i- •.'^.'ix'mcns wherein the 

:••.;. %x- »-.•.•* t •■ •<\- -.-.-^Bs^ - ■ -s"* a\.>vi\**r^ tc the quality 

•• ■ ■» ■•< -■»-.'»^ • . — > •! ••.: v- *r»A;!ufti',Tj:r«r most be 

^.. *-v.- "^t v-t^-v .i ;■-.—■ .-.-■-■ - f '..v.- .•.•■.-_r " "r c-i-tities. 

I ■■ • . .€ ■•. \- V '^ X •. ■ .-«"v ^.'s • " s.-y-x^I^r's waste. 

"^ ' -■ "•»••. t -. • •-. < -< .'^-c. T^e c'.ality 

•■.I- ... .• ».j . ... <.-..■"• .• .*'• J ■-.•""t ■— '"iiafised. 
<V« -v «.!.%• ■» » -...A . .. *>; ■ -*? t ^.-r".:* r-B-rr.-T cr*"a":i!" 
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6000 tons. From this extreme depreenon it has siDce ffndn- 
ally risen, through the increasing numbers and improfved coo- 
ditioQ of the community, and aided by a dimihntion of price, 
independent of the duty ; but even now the mamiftctare has 
not reached within 2500 ti»is of the point which it had attain- 
ed in the year 1812 ; thus in a very striking- naamier verifying 
the remark so often made as to the variance between common 
and legislative arithmetic, and proving the pemicions tendency 
of taxes levied upon articles of domestic manufbctore. It is to 
be hoped that the improvement of the national revenoe eoose- 
quent upon the progressive state of our nmnuftciiiiiiisr inte- 
rests, and the constantly ameliorating circomstancesof many 
classes of the community, will enable the govemment to cany 
speedily into effect a measure already announced fi>r abolisfainff 
entirely the duties upon glass of home febric, when this bmich 
of the manufacture will assuredly receive an impulse that fnll 
carry it &r beyond the highest point to which it has ever yet 
attained. 

The composition of bottle glass is as lihle nnifimn as that of 
any other description of the material; varying greatly in difier- 
ent parts of the kingdom, and indeed in almost every individ- 
ual manufactory. It is usually made of sand, lime, and some- 
times clav, any kind of alkali or alkaline ashes whidi may hap- 
pen to oner the greatest inducement in point of price, and some- 
times the vitreous slag produced from the fusion of iron pre 
Soap-makers* waste is frequently used in the proportion of^dxee 
measures to one measure of sand. 

The rate of duty upon this description of glass being only 
one eighth of that levied upon flint glass, the mano&ctnren 
are restricted to the use of the commonest kind of sea or rive^ 
sand, lest the revenue should suffer hy the superior qodity of 
this less burdened ware. This is unfortunate, since, for the 
reason already given, the employment of such coarse sand oc- 
casions the necessity for using a large portion of alkaline mat- 
ter, and, in that respect, increases the chara|^ to the ffkst- 
blower. The impurity of the alkali, and the abundaiice of flox- 
ing materials of an earthy nature, joined to the very high desiee 
of heat at which they are fused, occasicm the glass to contam a 
very small proportion of real saline matter; for which reason it 
is better qualified than flint glass to be employed as the recipi- 
ent of fluids which have any corrosive action. Chemical re- 
torts and subliming vessels, and carbo}^ fi>r ^vw^ining aqua- 
fortis, should, for this T^sboa, be always made with this commoQ 
glass, which has this further advantage over flint glaaa— that it 
will bear a much stronger heat witrout being soAsfied or un- 
dergoing any alteration of its shape. 
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Bottlo glass is a very hard and well vitrifled BubBtanoe, aad 

is of less specific gravity than other descriptions. Loysel gives, 
as the composition usually employed in France ibr w» prodoc- 
iioQ of this material, — 

Common white or yellow sand . . 100 parts. 

Coarse kelp a0to40 

Lixiviated earth of ashes . ; . . . 160 to 170 

Fresh wood or other ashes .... 30 to 40 

Yellow clay, or brick earth ... 60 to 100 

Broken glass cul libitum, usually 100 ; 

which composition does not produce any glass £^11. 

At Newcastle upon Tyne, where the manufacture of bottle 
glass is much encouraged by the excessive cheapness of small 
coal, or slack, the manufacturers employ a mixture of lime and 
sea sand. This must be frequently wetted with sea water, 
which, on evaporating, deposits its salt ; the soda contained in 
this being the only ukali employed. When combined with 
silica, and pxposed to a high degree of heat, lime appears to be 
endued with the property of decomposing common salt; its 
presence is, therefore, essential to the success of this operation. 
' Articles made of bottle glass are feshioned by the^ same pro- 
cess as those of flint glass, with the exception of wine and beer 
bottles, the containing parts of which are blown in metallic 
moulds, in order to keep them nearly of an uniform size. The 
green color of this glass is owing to the presence of a portion 
of iron in the sea sand, and, probably also, in the vegetable ashes 
of which it is composed. 

If, during the time when the workmen are employed in 
mouldingf and blowing bottles, the melted glass should — as in* 
deed it ^equently willT-become cooler than is desirable ibr the 
purpose, so that it is found necessary to replenish the fire, so 
much dust will be thus occasioned, owing to the description of 
coal employed, that the surface of the melted glass will be cov- 
ered with carbonaceous" matter. The effect of this upon the 
contents of the crucible is very curious. The glass, which had 
before remained perfectly quiet, becomes suddenly so disturbed 
throughout as to present the appearance of violent ebullition, 
and the whole mass is immediately crowded with an infinite 
number of minute air-bubbles, which, so long as they are suffer- 
ed Xq remain, render the glass wholly unfit for use. 

llie tune that would te required for burning away this car- 
bonaceous deposit, and to restore the glass to its former working 
state, would be so considerable, that it would be highly incon- 
venient to wait for the production of this effect ; and it is there- 
fi»« fortunate Vmt a shnple remedy has been discovered, which 
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immediately and perfectly restores every tfaii^ to bs fttiner 

state. 

WheneTer the accident here mentioned oocom^ the irafc- 
man has (mly to throw a small quanti^ of water into the croo- 
xble, when the whole mass will be immediately stilled, and the 
bubbles will as instantly disappear, so that the workman may 
proceed without further delay. This curk)us ^fect has been 
referred to the decomposition by heatxyf the water, which, giv- 
ing up its oxygen to the coal-dust, converts it into caifaonic acid 
eas ; in which form it is instantly driven off by the ezceasive 
heat of the furnace, and is dissipated in the atmosphere. 

In 1780, the celebrated M. Chaptal recommended M. Dncros^ 
a manufacturer of bottle glass, to make\rial of a new material 
for his purpose. This gentleman entered in consequence upon 
various experiments, which were, many of them, to a certain 
extent, successful The substance thus recommended, and 
which formed the basis of these experiments, was decomposed, 
pulverulent, basaltic earth. This is found in ffreat abondance 
m many parts of France, and is equally obtaimuile in the valleys 
of all iHisaltic countries. 

In the first trial made of this earth by M. Ducros, it was fused 
in a glass pot without admixture with any other substance ; and 
the result obtained' was glass of an exceedingly deep yellow 
color, anfl lustrous. In subsequent experiments, various pro- 
portions of sand were used in conjunction with the basaltic 
earth. The mixture that was found to answer the purpose best 
was where equal parts of each ingredient were employed. Tlus 
produced glass of an olive green color. 

There was for some time a considerable demand for bottles 
thus composed ; but owing to a difficulty which the manu&c- 
turer experienced in procuring materials having the requisite 
uniformity in their constituent parts, the manufacture was, after 
a time, abandoned. 

M. AUiot has published the results of a course of experiments 
made by him with basaltic earth, with a view to the composi- 
tion of glass. Not being able to have recourse to the furnace 
of a glass-house, M. Alliot was obliged toi^ntent himself with 
the less intense heat of a potter's kiln, wherein the different 
mixtures which he employed were severally heated during 
eighteen hours. It is prolMible that the results which he has 
detailed would have proved more satisfactory, could recoorse 
have been had to a more efficient mode of heating. The ex- 
periments were all conducted in cruciblea 

No. 1. was filled with the pure basaltic earth. This^ in fbsinff, 
was converted into a black glass, which was opaque, andtM- 
erably well melted. 



Na 2. Go&t&iood a miztare composed in equal parts of basalt, 
ashes, and white (]uart& in powder. This produced a cot)ee- 
col(»^ g^lass, which was lustrous, and sowcwhat resembled 
porcelain in appearance. 

Na 3L was charved with half basalt and half common hum). 
The glass produced from this compound appeared, whou in 
the masB, <^a hlue4>lack color; but when snudl thin portions 
were examined, these proved of a yellowish groen. Thia 
glass was tolendJy well melted. 

Na 4. consisted of one third each basaltic earth, sand, and re- 
fine soda. The result was a tran^rent glass of a greenish 
yellow colcff, and of good quality ; it was very smooth and 
diiningy well melted, and would have formed exooUent bot- 
tles. 

Na 5. consisted wholly of sand taken from the river Orh, in 
the immediate neighborhood of which there is fbuiM) a con- 
siderable quantity of basaltic earth. The glass from Utis sand 
was well melted, and appeared to be evorv way a(lapt(Ml for 
the manufacture of very good and serviceable glass bottlt^ 

This basaltic earth is exceedingly well qualified hoth lor lii- 
akm by itself, and for employment as a fluxing mntorial whi^rn 
other substances are used, it is found, by analysiis to cnrntain 
about 45 parts of silex, 16 of alumine, 20 of oxido of iron, 9 of 
lime, and from 2} to 4 parts of pure soda ; three of tliotw sub- 
etences being very powerful fluxes. 

"Some other minerals have been proposod, on account of the 
floda which they contain, as well qualifled for making glasM : 
such, for instance, is klingsteirif which contains nearly nnn 
twelfth part of its weight of that alkali ; but as the oUier flux- 
ing materials present m basaltic earth are wanting in tboae 
other minerals, they prove far less fusible. 

Whenever basaltic earth is largely employed in the compo- 
sition of glass, it usually proves of a dark olive green color, 
Tarylng sometimes to a very deep yellow ; and it does not ap- 
pear at all probable that this color could in any material degree 
be corrected. The glass -produced is specifioally lighter than 
any common green bottle glass ; and at the same time is con- 
siderably harder and tougher, so as to bear, without ii\jury, 
blows which would infallibly break ordinary glass. The quan- 
tity of alkali which it contams is small— much smaller, in fact, 
than is required to bring glass of every other description to a 
workable state. For this reason basaltic glass is pecuharly well 
qualified for chemical purposes ; as vessels made with it will 
resist \h6 destructive action of corrosive liquids. 

In addition to the experiments already detailed as having 
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been made by him-with basaltic earth, M. AQiot made trial of 
various other combinations for the prodnctioii of bottle gfaas. 
He succeeded with the two following : — 

The first was a mixture in equal parts of ashes and a volca- 
nic granite. This fused perfectly, and produced a very fine 
dark and lustrous glass, exceedingly wdl qualified fix the com- 
position of bottlesL The second was ooibposed of 1 part ordi- 
nary soda, 12 parts ashes, and 6 parts common tend, ^he glam 
thus formed was of a yellowish black color, intenpened with 
veins of bloisfa white, which were opaque. 

When the duty dmll be removed, and the maDufibctnier fi*y^^ 
himself without restriction in regard to the materialB whidi he 
may employ, we may expect to witness some oonaidenUe im- 
provements in this branch of the glass-makei^s art 
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Two descriptions of {date glass are made: one far Mowing 
and opening, in the manner of broad glass, as already described; 
the other l^ casting the melted matmals upon a fdane metallic 
surface, somewhat in the manner porsued for making dieet 
lead. 

Plates of glass which are blown aDp necessarily limited in 
their size, althoogh some of considerable dimensions are pro- 
duced in this way. When cast, the extent of tbe plates may 
be much greater ; and, indeed, is limited only by the very heavy 
expense attending the erection of machinery, and the praaeco- 
tion of the mancSictiire in its various parta Different mano- 
fiu;tories have been establi^ed at various times in this kingdom 
far the production of plate glass by blowing, but these, one after 
another, have mostly been discontinued. The last estaUirii- 
raent of this kind in London exie(ted a very few yean since in 
East Smithfield; but being a private establishment, and the 
proprietoni finding it impossible to continue a sucoesiliii oompc- 
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titkxi with the powerful corporate body alluded to in the first 
chapter of this treatise, the works have been discontinued ; and 
the only place in England where plate glass of any great mag- 
nitude IS now raanuractured, is on' the premises of the BritiSi . 
Plate Glass Ck)mpany in Ravenhead, in Lancashire, where 
plates axe cast which equal, in every respect, the produce of 
the French manufactory at St Gobam. The office of this cor- 
poration is at the feotof Blackfinars Bridge, in London; and 
here plates of glass of the most perfect quality, and of all di- 
mennons up to the prodigious length of 160 inches, may at all 
tunes be procured. 

Great reluctance has always been evinced by the proprietors 
of plate glass works to permit thenr examination by visitors. 
Persons are, indeed, occasionally admitted to view the m]^ste- 
ries: but, either by their habits and rank in lifb, such individ- 
uals are unqualified or unlikely to describe what they witness; 
or the relaxation is made in their &vor under a seal of confi- 
dence, Which renders it impossible that they should impart the 
infinmation they have acquired. The late Mr. Parkes appears 
to have been KHtunate in this respect; and having obtained 
permission to visit the works at Ravenhead, was not restrained 
from publishing a short, but interesting, account of the pro- 
cesses which he witneesed. From this source the following 
description is drawn, as fiir, at least, as relates to the buildings 
and arrangements particularly used at Ravenhead. 

More care in the choice of materials, and greater nicety in 
conducting the processes, are required for the preparation of 
plate glass than are needed in any other branch of the manu« 
facture. The materials employed are sand, soda, and lime, to 
which are added manganese and oxide of cobalt as decolorihg 
substaooea The sand must be of the finest and whitest kind : 
the grains ^ould be sharp, and of a moderate size ; if very 
smaU, they are hkely to clot tc^ther, and consequently will 
not mix intimately with the alkidi ; and if the grains are large, 
th,ey are on this account longer in 'being fl^ed. The ssmd 
must be passed through a wire sieve of the proper closeness 
into water, and should be well agitated to separate all dirt and 
impurities. The alkali used is uways soda : this is preferred 
to potash : as glass made with the former substance is thinner, 
and flows better while hot, and yet is equally durable when 
cold. The quality of flowing fireeiy is of the very first import- 
ance in casting laurge plates, which» to be perfect, require to be 
without fictreak or bubble. Another advantage attending the use 
of soda is this ; — that the neutral salts of which it is the base, 
such as muriate and sulphate of soda, and which, in this in- 
stance, conatitute the glass gall, are dissipated more r^ily by 
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the heat of the furnace, than are the salts of which poCaih it 
the base. The soda must be used m a state of ponsidenble pa- 
rity ; and is generally either that which is separated from the 
ashes of barilla, and other soda plants, fay lixiviaUoD, or is pro- 
duced by the decomposition of common salt 

Lime acts in promoting the fusibility of the silex and alkali, 
fulfilling thus the same office as is perrormed by litharge in the 
manufacture of flint glass. JProm one fifteenth to one twenty- 
fourth part of the whole materials is the largest proportion that 
can properly be used of lime ; any greater quantity would im- 
pair both the color and solidity of the glass. 

Manganese would have the ef^t of giving a slight tinge of 
red ; but when mixed in a proper prc^rtkm with the blue of 
the cobalt, and both togfether are met by the natural dight yel- 
low of the olher matenals, each neutralizes the other, so that 
scarcely any definable tint remains. 

In addition to these in^edients, a considerable quantity of 
fitigments of glass, or, as it is called, cuUet^ is used in oombinBr 
tion with the firesh materialsL Of these fragments there is al- 
ways an abundant supply in the glasshouse, product iiom 
what is spilt in casting, and from the ends and edges that are 
cut off in shaping the plates.. This broken ^lass, or evUetf is 
previously made fi'iable, by throwing it, while hot, into oold 
water. 

It is considered that the addition c^one pound of pure soda is 
sufficient for four pounds of sand. But it is not enough, in the 
preparation of glass for casting, to apply the alkali ooly in the 
proportion liecessary to produce good glass; much mate than 
this must be used, in order to procure the requisite degree dT 
fluidity. 

The composition given by Loysel as being used in the great 
works at St Gobain is this : — 

White sand, 100 parts 

Carbonate of lime, 12 

Soda, 45to48 . 

Fragments of glass of like quality, .... 100 
Oxide of manganese, 0^ 

Parkes recommends the following proportions, as qualified to 
produce plates of glass of the best description : — 

Lynn sand, previousl)r well washed and dried, . . 720 parts 
Alkaline salt, containing 40 per cent of soda, . . 450 

Lime, slaked and sifted, . . . '. 80 

Nitre, • 25 

Cullet, or broken plate glass, 425 

MOO 



4 
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These quantities are reqeired to pto&ace one pot of mefof, which 
will yield 1200 |x>tmdB of good plate ^has. 

Another author states the Allowing proportionB as being 
ibond to produce very fine glass : — 

Fine white sand, 800 pounds 

. Soda, . 200 

Lime, 30 

Oxide of manganese, 32 ounces 

Oxide of cobalt, 3 

Fragments of glass, 300 pounds 

The well-known property of borax, as a powerful flux, has 
oocamo^eA the suggestion that, by its means, glass made with 
liotash might be caused to flow in fusion as freely as that where^ 
in soda is employed. It has been asserted that small quantities 
of borax have always be|n used in the works at St Gobain ; 
but the secrecy observed m regard to all the operations carried 
on in that establishment renders it impossible to say what de- 
gree of truth there is in the assertion. - 

Great care is required in mixing the materials; much more, 
indeed, than is called for in regard to other kinds of glass. The* 
sand, hme, soda, and manganese, being properly intermingled, 
are fritted in small furnaces, wherein 9ie temperature is grad- 
nally raised to a full red, or even to a white, heat, at miich ' 
point it is maintained, and the materials are carefbUy stirrrd ' 
until vapor k no longer given ofl^ and no further change is un- 
dergone by the materials. This process of fritting lasts about 
six nouTs; and when it is nearlv completed, the remaining part 
of the in^^ients, consisting or the cobalt and broken glass, are 
added. The latter, having edready been perfectly vitrified, does 
not, consequently, require any lengthened exposure to the fire." 

The furnaces at St Gobain, in which the perfect fusion and 
vitriQcation are accomplished, are eighteen feet long* and fifteen 
wide. They contain two kinds of crucibles. The larger ones, 
wherein the glass is melted, are called pots, and are formed 
like inverted truncated cones ; the other crucibles, which are 
- smaller, are called cuvettes : these last are kept empty in the 
furnaces, exposed to the full degree of its heat, that when the 
glass is ready for casting, and is transferred to them, they may 
not injuriously lower its temperature. The comparative siz* 
of these cuvettes varies according to the dimensions of the 
plates^hich it is intended to cast : when these are very large, 
the cuvette will contain one third of the charge of the pot; but 
in other cases its capacity is not greater than a fourth, a fifth, 
or a sixth part, of the contents of the crucible. 

The method usf*d for regulating the supply of fuel to the ibr- 

O 
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Dace in the great works of-St Gobain, is at onoe m rode and 
so absurd, that one would hesitate to believe in the correctnesi 
of the narratioQ, if it did not rest upcMi good authority. It is 
said that two persons are employed, who, being disencumbered 
of all superfluous clothing, incessantly run round the furnace 
with a speed ^ equal to seven leagues in six houis.'* These 
men on their circuit take up each two small billets of wood, cut 
to a certain size, and heaped together; these they deposit as 
they run, first one and then the other, in the openings of the 
furnace, which by such means is fed at re^iarly recurring in- 
tervals of time. Having continued this mtellectual employ- 
ment, withbut ceasing, during^ six hours, the meq. then surren- 
der their " seven league boots to others, whose heels and hands 
are similarly employed during an equal peijod of time ; after 
which they are in turn relieved by the first set of coiui^fB. 

From the time of filling the pots, it requires nearly fiirty 
hours* exposure to strong heat, ere Ihe materials are properly 
vitrified and in a state fit for casting. The processes of fiUiqg 
the pots, and of removing the gla^ gall, and the various ap- 
pearances that ensue in the refining, are precisely similar to 
what has already been described in a former chapter. 

When the glass is thoroughly refined, the cuvette — ^which 
must be perfectly clean, and, as already mentioned, of a tem- 
perature equal with that of the glass — ^is filled in the following 
« manner: A copper ladle, ten to twelve inches in diameter, 
fixed to an iron handle seven feet long, is plunged into the glass 
pot, and brought up filled with metal gls^ which is transfer- 
red to the cuvette; the ladle, during this transference, is 
supported upon a strong iron -rest, pissed under its bottran, 
and held by two other workmen. This precaution is neces- 
sary to prevent the bending and giving way of the red-hot 
copper under the weight of fluid glais which it contains. When 
by successive ladings the cuvette is filled, it is suflS^red'to re- 
main during some hours in the furnace, that the air-buoUes 
formed by this disturbance may have time to rise and disperse ; 
an efEsct which is ascertained to have ensued by the inspectiim 
of samples withdrawn from time to time for the purpose. 

Another essential part of the apparatus consists in flat tablee 
whereon the plates of glass are cast. These tables have per- 
fectly smooth and level metallic surfaces, of suitable dimen- 
sions/ and solidity, supported by mascniry. At St Gobain, and 
formerly also at Ravenhead, these tables were made of copper; 
the reason assigned for preferring this metal being, that it does 
not discolor the hot melted glass, while the use of iron was 
thought to be accompanied by this disadvantage. These copper 
tables were very cortly, both from the nature of their material, 
and the labor bestowed in grinding and polishing their surfiu!es,* 
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and 88 the sudden acceas of beat that accompanied the pouring 
over them of such a torrent of melted glass occasioned the 
meUil frequently to crack, the tables were by such an accident 
rendered useless. The British Plate Glass Company having 
experienced several disasters of this nature, its directors deter- 
mined upon making trial of iron ; and the^ accordii^ly pro- 
cured a i^ate to be cast, fifteen feet long, mne feet wide, and 
six inches thick, which has fully answered the intended purpose 
— shaving, during several years of constant use, stood uninjured 
through all the sudden and violent alternations of temperature 
to which it has been exposed. This table is so massive, weigh- 
ing nearly fourteen tons, that it became necessary to construct 
a carriase. purposely for its conveyance fircnn the iron fbondery 
to the suss-house. It is supported on casters, for the conveni- 
ence of readily removing it towards the mouths of the different 
annealing ovena 

The foundery at Ravenhead wherein this table is used is said 
to be the largest room under one roof that has ever yet been 
erected in this kingdom ; it is 839 feet long, 155 wide, and pro- 
portionately lofty. Westminster Hall, to which the superiority 
in this respect is so commonly ascribed, is smaller — ^its len^h 
being 300, and its breadth only 100 feet The melting fiir- 
naces, which are ranged down the centre, occupy about one 
third of the whole area of this apartment The ann^ing ovens 
are placed in two rows, one on each side of the foundery, and 
occupy the greatest proportion of the side walls. Each of these 
ovens is sixteen feet wide and forty feet deep. Their floors 
being leyel with the sur&ce of the casting table, the plates of 
glass may be deposited in them immediately after they are cast, 
with little difficulty and without delay. 

When the melted glass in the cuvette is found to be in the 
exact state that experience has pointed out as being most fit- 
viNiihle for its flowing readily and equably, this vessel is with- 
drawn fhxm the funmce by means of a crane, and is placed 
upon a low carriage, in order to its removal to the casting table, 
which, as it is previously placed ccmtiguous to the annealing 
oven that is to be filled, may therefore be at a considerable dis- 
tance from the melting furnace. Measures are then taken for 
cleaning the exterior of the crucible, and for carefully removmg 
with a broad copper sabre any scum that may have formed upon 
the surface of the fiflass, as tike mixture of any of these foreign 
matters would m&llibiy spoil the beauty of the plate. These 
done, tlie cuvette is wound up to a sufficient height by a crane ; 
and then, by means of another simple i)iece of mechanism, is 
, swung over the upper end of the casting table ; and being 
thrown into an inclined position, a torrent of melted glass ts 



•uddealy poured out on tha surftce of the t*Ue, whicli tnnat 
praviously have been haaied, and wiped perfect!; cleuL 
JV. 12. 




The glass is prevented from running' off the mdea of the taUa 
by Tibe of metaJ, one of which ia placed along the whole len^ 
of each side, their depth being the exact me«auie which it ■ 
de^red to give to the thicknets of the gLaaa. A umilar rib, at- 
tached to a croee piece, is temporarilr luld, dutioK the cartmg, 
at the lower end of the table. When the wboM cmtaula of 
the crucible have been delivered, a large hoUovr coppei cylin- 
der, which liB£ been made perfectly true and Emooth in & tam- 
ing-lathe, aiid which extends entirely acroas the taUe, rasttng 
on the aide ribe, is set in motion ; and the glais, duriii|f its tni- 
gress, ie spread out into a sheet o( nniform broadth aDil thick- 
ness. Its length depends upon the quantity of melted gka 
contaioed in the cuvette : s^bi this be tooie than ia needed 
fur the formatioD of a plate having the full dimenmcna of Ibe 
table, the metal rib ie removed from its lower pait, and the idi- 
plu9 glass is teceived m e. vessel of water placed ui^er tba ea- 
trcnie end for the purpose. 

Jlr. Parkefi, in speaJiing of this operation, renutrka — "The 
spectacle of sucli a vast ludy of melted glass poured at ooee 
from an immense crucible, on a metallic tabl^ of great nMgiu- 
tudc, is truly grand ; and Ibe variety of colors which the plate 
ezliibits imm^iately after the roller has paned orer it, renden 
this an operation far more splendid and interesting than can 
poi«ibIy be described." 
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At least twenty workmen are bosily employed during this 
process of casting. From the time that the cuvette is reipoved 
from the furnace, to the completbn of the casting by the hard- 
ening of the glass, the apartment must be kept, as free as pos- 
sible from disturbance ; even the opening and shutting of a door 
might, by setting the air in motion, disturb the sur£ce of the 
glass, and thus impair the value of the plate. So soon as it is 
completely set, the plate is carefully inspected ; and should any 
flaws or bubbles appear upon any part of its surfiice, it is im- 
mediately divid^ by cutting through them. 

When the plate of ^lass thus mrmed .has been sufficiently 
fixed by cooling, it is slipped from the table gradually and care- 
fully into one of the annealing ovens, where it remains in a 
horizontal position ; its treatment differing in this respect from 
that pursued with crown and broad glass, which stand on edgo 
during the- annealing process.- As each oven in this manner 
becomes filled^ it is closed up l^ an iron door, the crevices of 
which are cariefully stopped with mortar or clay, to prevent 
any access of ..external air to the oven ; and thus to provide as 
fkr as possible for the gradual cooling of the plates, the neces- 
sity for which has already been sufficiently explained. When 
the glass has remained during about fifteen days in these ovens, 
they are opened, and the contents withdrawn. 

The plates l»ve then to undergo all the operations of squa- 
ring, gnnding, polishing, and silvering, in order to fit them far 
sale. 

The first process— 4liat of squaring and smoothing the edges 
— is performed by passing a rough diamond along the sur^e 
of the glass, guided by a square rule ; the diamond cuts to a 
certain depth into the substance, when, by gently strikii^ the 
glass with a small hammer underneath the part which is cut, 
the piece comes away ; and the roughnesses of the edge thus 
left are removed by pincers. The plate is then taken to the 
grinding apartment 

The next step is to embed each of the plates upon a table or 
frame adjusted horizontally, and made of either freestone or 
wood, cementing the glass securely thereto by plaster of Paris. 
One plate being then reversed and suspended over another, the 
material employed in grinding their surfaces is introduced be- 
tween the two, and they are made to rub steadily and evenly 
upon each other by means of Siachmery set in motion by a 
steam-engine. It was formerly usual to employ river sand and 
water, for the purpose of abrading the surfaces; a circumstance 
which entailed considerable waste and loss upon the manufac- 
turers. The glass which was ground ofi^ and which usually 
amoonts to one half the weight of the plates as they are cast, 

02 
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being thus mixed with a msleiial wUeh containad a portiaB of 
iron, was sold at a low rate fir making bottle f^kim, or fr 
scouring pewter. Mr. Parkes has cakmuted that the hm of 
glass by this means to one establishment— that whiefa wis ou- 
ried on in East Smithfield— amoonted to two too* weeUy ; lai 
that the expenditure of sand in the same period was at IsMt 
sixteen to twenty tons. 

^ method has, however, been devised fer saving the whole 
of this glass, so as to render it available fx the mannfcrtaPB 
of the ^tter descriptions. This plan coiudsts in sabatitatBig', 
for the river sand before mentioned, ground flints^ which ooo- 
tain no portion of iron. A further great advantage altwiftiiig 
this method is, that one ton of ground flints is equally eflfectiys 
with five tons of sand, and that the operation is competed in a 
shorter time than formerly. 

When one side of each plate has been sufficiently gnond, it 
is loosened from the frames and turned over, aojm to present 
the other surface to be ground m the same manner. Some de- 
gree of pressure is employed, by loading the npper plate witii 
weights as the grinding of each side ^jproaches to oompletioD. 
The process thus described used formerly to last during three 
entire days, but this time is now much abridged. The greatest 
attention is required, in order to finish with the smrfiices per* 
fectly level and parallel, for which end a rule and plnab line 
are employed. 

By means of this grinding, the plates will have been made 
level, and all inequalities m the surface will harve been re- 
moved ; hut they are too rough to receive a polish: to fit them 
for this, they must a^in be ground with emery powder of in- 
creasing degrees of fineness. The preparation and sorting of 
this powder are effected in the fUlowing simile and ingenxmi 
manner: — 

A considerable quantity of emery is pnt inta a vessel con- 
taining water, and is stiired about violently until thB whde is 
mech^caily mixed with the water. Emery is absolofeely in- 
soluble by such means; and if the mixtnre were Ibft at rest 
during a sufficient time-, the whole wonld snbside in layen; 
the coarsest and heaviest particles sinking first, aad so on sue* 
cessively, until the very finest particles would range themselves 
as the upper stratum. Previously to this, however, and while 
these finest grains are still suspended in the water, it is poured 
off into a separate vessel, and the emery is there allowed to 
settle. A fresh supply of water is poured into the first vessel, 
the contents of which are again violently agitated, and allowed 
partially to subside as before. A shorter interval is allowed for 
this than in the first case : and tlien the liquor is poured off into 
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a third vessel, by which means emery ef the second degree of 
fineness is separated. This operation is repeated, in order to 
obtain .powders having fym differeot degrees of fineness : the 
depositB are then separately dried anon a stove to a consistence 
pVDper for making them np^into sraul bolls, in which form they 
are delivered to uie workman. 

In this fiirther rubbing together, or, as it is called, smoothing 
of the glass plates, it must be understood that, the coarsest 
emeiy is first used, and so on, substituting powders having in- 
creasing degrees of fineness as the work process. 

This operation ccHnpleted, the glass, is perfectly even ; and 
althoogh the suriices appear c^xique <nr deadened, they are so 
smooth that no scratchinees is at all perceptible. The plates 
are now again subjected to a rigid examination ; and ^ould any 
flaws or defects be perceptiMe in them, whidi had- before es- 
caped detection, they are cut up with a diamond into smaller 
plates, so that the Uemishee are left at their edges ; reeard be- 
mg had to economy in dividing the glites, so as to produce the 
sBullest poosiUe number of pfeces. Atteddon to ^is circum- 
jstence is of the greatest imp(»1»nce to the profitable ^working 
of the estaUishnrent, since the vi^e ofsmalier ^ates bears no 
comparison with that oi glasses having more considerable di- 
mensions. This may be seen at once in referring to the fol- 
lowing table, which has been calculated upon some of the pub- 
lidied prices of the British Plato Gllass Coinpany. 



Dimensions. 


Surfkce in Square 


Price, 


. Price per 




Inehe«. 




Sq. Inch. 






£' s, d. 


d. 


60 inches by 90 inches. 


1,800 


10 10 1 


1-400 


60 - - - 40 - - 


2,400 


16 3 5 


1-617 


60 - . . 50 - - 


3,000 


22 10 5 


1-800 


70 - . - 50 - - 


3,500 


28 7 8 


1-946 


80 - - . 50 - . 


4,000 . 


34 14 10 


2-085 


100 ... 50 - ' 


5,000 


48 9 8 


1*327 


100 ... 60 - - 


6,000 


as 15 1 


2-550 


100 - . .,70 - - 


7,000 


80 8 2 


2-757 


100 - - - 80 . - 


8,000 


08 4 10 


2-947 


152 ... 84 - - 


11.088 


200 8 


4-337 


160 - - - 80 - ' 


12,800 


246 15 4 


4-705 



The largest of the plajtes here mentioned is capable by reduc- 
tion of being converted into 71 plates havinpf the dimensions of 
the flanallest in the Table ; whereas the price of the former is 
23^ times j;freater than that of each of the small plates, and 
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more than 3j^ times the aggregate value of those into which it 
would be divided. 

The reason for thi» nrogrese^cnal irate m the prices is effi- 
ciently obvious. Coula sud> a degree of perfection be attained 
in the different jirocesses of manu&cture, that a certainty ex- 
isted of producmg plates of every requisite dimension, there 
would no longer be any pretence for thus enhancing the prices 
of the larger pieces ; and plates might be sold indiscriminately 
at 60 much per superficial foot in the manner usual with linen 
or wooUen fabrics, making perhaps sotbe allowance fiir the 
gveater expensiveness of machinery required for large than fi»r 
sn^ operations. But such a degree of certainty is so fiur from 
accempanjring the labors of the glass-founder, that it is but veiy 
rarely he is enabled to finish and produce for sale any plates or 
extra dimensions ; while it most frequently happens that the 
presence of numerous flaws and bubbles compels the dhriskn' 
and subdivision of the glass into portions bearing, for the veiy 
reason of their abundance, only a small relative value. 

It is represented as being an interesting sight to witness the 
grinding and smoothing of a great number of plates of large 
dimensions, which by means of machinery ar0 thus made to 
move with great velocity, and in all directions. 

The next process is that of polishing. For this purpose a 
substance is used, known in commerce and the arts as cohoih&r 
or crocus mortis. This is the brown red oxide of iron, which 
remains in the retorts afler the distillation of the acid firom 
sulphate of iron. 

The instrument used in polishing is a piece of wood covered 
with many folds of woollen cloth, each rold having between it 
some carded wool, so that the whole forms a tolerably hard but 
elastic cushion ; and this is furnished with a handle for the con- 
venience of the workman. 

The j)late is embedded in plaster upon the table in the man- 
ner already described, and the polishing instrument being wet- 
ted by means of a brush, and covered with colooUiar, the work- 
man commences his operation by rubbing the cui^ion backwaid 
and forward over the surface of the plate ; not, indeed, attempt- 
ing to polish the entire surface at the same time, bnt operating 
ipon separate portions, beginning at each comer, and pro^aS 
mg regularly towards the centre, so as to leave no part unvis- 
ited by its due degree of attention and labor. 

Considerable dexterity and practical skill are needed, ^[lot 
only to produce a high polish upon the plate, but also to give 
this in an uniform degree over its whole surface; and the 
finishing touches require, therefore, to be given with great cnxt 
and judgment 



When one side is polished the j^te 1h tHcned on the table, 
u it has before been in grinding and smoothing ; bit as the 
white j^Bster would appear through the glaaa rad hinder the 
workman from forming an accurate judgment upon his progress 
in this second operation, the previously polished side is provided 
with a coating of red colcothar. When the workman is satis- 
fied with the resah of hi& hhor upon this seoond surfiice, the 
plate is taken from the table, and beine cleaned, is laid, each 
side in its «tom, upon a dark biue or Uack cloth, which, as it 
admits only a modecate light, shows by inspection any parts 
which may be less elab(»rately polished than the rest : these 
must be retouched by a onall polishing cushion^ in the same 
manner as before. 

It would be a tedious openXkm, if every small fragment of 
glass, such pieces, for instance, as are used in swing frames on 
toBet-tables, must be polished separately. The edges of several 
of these pieces are therefore brou^t tq^ether for the purpose ; 
bat as all these are not of one uniform thickness, it is necessary . 
to remedy thi» inconvenience ; and, in order to bring their sur- 
&ces to a perfect level, they are armnged^ with the side to be 
polished downwards, on a lar^ smooth level plate ; plaster of 
Faris is then poured upon their upper surfiices, which are thus 
eoobedded together, and on being turned over, the wholo num- 
beo: of pieces is found to be so level, thai: the pdishing may be 
performed a» easily and as effectually as it oould be with one 
entire j^te. 

When the polishing of the plates has been satis&ctoniy com- 
pleted, they are washed with water, and are either removed to 
the ware-room for sale^ or, in case of their being intended for 
mirrors, to the siivetiDg apartment. 

The last proceas uwd- in a ^ate-glon mann&ctory is that 
Which is called nlvetUng, Th]Bt.in;eoKimeii.with the greater 
part of tiie operation connected witii this branch of the art, is 
simple, but requires praotke and dextenoos management for its 
proper performaikoe. The applicatkn to the pofSencnr surface 
df mirrors of some substance that wOl accurately reflect the 
rays of lig^t fidling:upon them,, is aibaohitefy necessary to ren- 
der them usefril. The substance w^ich has been found to an- 
swer this purpose best is mercury ; which, as it cannot be ap- 
plied alone in its fluid state, is, by a partial amalgamation, pre- 
viously made to adhere to the surface, and afterwards to incor- 
porate itself with tlie substance of a very thin leaf of tinfoil. 

The operation is thus ccaodiicted : — A pCTfectly flat and 
smooth slab of thick wood, or of stone, somewhat lar^r than 
any plate which it may be required to silver, must be inclosed 
within a wooden frame open at tiie top, and havhig a ledge « ^ 
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few inches deep round three of its side& The bottom of tbis 
frame is provided with a channel to collect the snrplns mer- 
cury, and to oonvey it to a vessel placed underneath. The dab 
is fixed on a pivot, so that one end may be raised and the other 
depressed at pleasure. 

When it is used, the slab must first be adjusted horiamtaDy, 
and covered with gray paper stretched tightly over it A sheet 
of very thin tinfou, a little larger than tSe plate to be silvered, 
is then laid smooth upon the pi^r, and as much mercury is 
poured steadily upon it as will remain upon its flat sur&ce. ^ 
That end of the s]ab which is unprovided with a ledge is thim ' 
CQvered with parchment, and the plate of glass is caiSully slid- 
den into the frame, resting the while upon the parchment 

The art of properly effecting this deposit of the glasB upon 
the foil consists in holding it, during its sliding, in such a posi- 
tion that it will dip into £e mercury, carrying a portioii or the 
metal he&xe it, but without once touching the tin in its pas- 
sage. By this means any dust or oxide mach may rest upon 
the mercury wiJl be removed, and no air-bubUes will remain 
between the glass and the foil ; while, if the tin wiere toudied, 
however slightly, it would certainly be torn. 

When the entire sur&ce of the glass plate has thus pasEied, 
it is allowed gently to drop on the tinfdl, and to squeeze out 
the superfluous mercury from between, and which is collected 
in tlie channel already mentioned. The ]^ate being then cov- 
ered with a thick flannel, is loaded at regular intervals cf space 
with considerable weights, and the end of the slab is a little 
raised, which assists the escape of die superabundant mercury. 
The whole remains in this situation during the entire day, the 
slope of the slab being gradually increued to fiicilitate the 
dropping of the mercury. At the end of this time, the plate 
is cautiously^ taken from the frame, carefbDy avoiding to touch 
the under side, then covered uniformly with a soft amalgam of 
tin and mercury. The plate is then placed in a wooden fi!ame, 
and left during several days until the amalgam is foond to 'be 
so &.r hardened as to adhere with a great degree of firmness 
to the glass : in this state not even a slight scrateh would suf^ 
flee for its removal. The plate is then in a finkhed state, and 
fit for being firamed. 

The amalgam does not, however, acqnire its greatest d^pree 
of hardness until some time has elapsed ; and g&bules of Mer- 
cury will occasionally drop from mirrors for some time even 
afler they have been framed. Portions of the amalgam are at 
times detached while in this state, by violent concussions of the 
air, such as a thunder storm, or the firing a£ artillery. No 
patching can ever be applied in such a case that will be suffi- 
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ciendy perfect to escape detection; but a white seam will in- 
variably be perceptible at the points of junction. 

Although the processes ibllowed in blowing plate gloss are, 
in most respects, similar to those used in fashioning broad ^lass, 
some difference is yet observed ; which, indeed, is occasioned 
as much through the increased bulk and weight of the mass 
under operation, as on account of any real difference in the 
composition of the fiibrics ; only a very short account of the 
process can there&re be required. 

The first instrument used is a hollow rod, agreeing in every 
particular, except its size, with that used for forming flint and 
crown glass. This rod is full six feet in length, and two inches 
in diameter ; made smaller at the end to which the breath is 
iipplied, and widened at the extremity upon which the ^lass is 
gathered. It is necessary to take up- a ccmsiderable weight of 
gkss upon this tube ; and some management is required in 
order to etBsct this. When the workman has gathered all 
that will adhere by turning the end continually round in the 
pot, he then withdraws it frdm the furnace; and holding it 
4iv3er a bucket of water, sprinkles the glass on the end of the 
tube, turning it constantly round in his hand. When cooled m 
this manner, the glass adheres firmly to the tube, and is rendered 
bf that means capable of i»ustaining a greater weight than it 
would otherwise support The tube is then dipped again into 
the pot, and the same process is repeated. 

Fig. 13. 




After the third dippmg it will have gathered a mass of glass 
in the shape of a pear, ten inches in diameter, and about 
twelve inches long. This must again be cooled with sprink- 
ling as before ; and while the workman is at the same time 
blowing into the tube, so as to ^ive a hollow form to the glass, 
and to reduce it to the requisite thickness, the rod must be 
swung to and fro with an alternating motion, in order to length- 
en the shape of the material ; and this proceeding being several 
times repeated, the glass assumes the form of a cylinder, the 
lower end of which is hemii^ericaL 

Fig.l^ 
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The assistant is then placed three feet and a half from the 
ground, upon a stool, whereon are fixed two upnght -pieces sf 
wood, with a cross piece of the same material, nr the purpose 
of supporting the tube with the ^lasa These are held by the 
assistant in an oblique position, me end with the ^laas inclin- 
ing downwards, that the workman may be aUe, with an iron 
punching instrument and a mallet, to drive a hole thioagfa the 
centre of the hemi^herical end of the q^linder. 

Fig. 15. 




The glass now is subjected to examination; atad if ftnod 
sufficiently free from imperfectioiiB, m bM at the aperterd of. 
the furnace during seven or eight minutes to beat it again 
thoroughly. While thus held, the -rod is supported in its hori* 
zoutal position by a small iron ti^esUe placed before the orifice 
of the furnace conveniently for that purpose. The glasB being 
thus sufficiently softened by heat, the assistant is again moont^ 
ed upon the stool ; and resting the tube upoa the wooden cnMS' 
piece, twirls it round, while me workman inainuatce a pair of 
large broad shears which are pointed at the end, into toe hole 

Fig. 16. 




previously punched.' This is gradually enlarged, until the 
^lass, through its whole length, and except at tiie part where 
It is attached to the tube, hi^ a cylindrical fenn. 

Fig. 17. 




The tube is then again rested on the trestle, and the glam is 
reheated at the furiiace, when the shears are used to cut me cyl- 
inder through half its length, beginnmg at the open end, and 
proceeding towards the point where it is attached to the totei 

Fig. la 
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The next proceediDg is to take a pontil, an instrumont oJ- 
Jeidj! described as being a solid rod of iron of smallor diameter 
than the tube, from which last the glass is now to bo traiisturrtHl 
to the pontil. This differs from mo instrument iisf^i tor tliu 
like purpose in making flint glass, by having an iron croNih 
piece, twelve inches in length^laced across its uxtremo eiul, 
and forming with it the letter T. The pontil being thoroughly 
heated at the end, a quantity of melted glass is gatlierod from 
the pot upon the cross-piece, which being presontod to tliu dinm- 
eter of the cylinder, the two cohere speedily and firmly to- 
gether : the hollow tube is then disconnected from the gloiw in 
the manner already described. 

Fig. 19. • 




The pontil with the cylinder is now rested on tJie trimtle, 
and presented to the furnace, that the end which has hitborto 
been attached to the tube may in turn be heated tfnd nubjeotiid 
to the same processes as have just been efiectod with the oUieir 
end : the extremity is opened by introducing the Mhears w) m 
to complete the cylinder (Jig. 20.); and then after a fVoNh 

Fig. 20. 




heating the workman cuts through the remaining half of the 
length of the cylinder in a line with and joming to the cut 
already mentioned, so that the cylinder is divid^ on one of 
its sides through its entire length. 

Fig. 21. 




The glass is then placed with the cut side upwards upon an 
iron shovel ; it is separated from the pontil, and immediately 
removed to the hottest part of the annealing oven, where it 
gradually becomes agam heated to redness. Advantage is 
then taken of the softened state of the cylinder to open it, by 
the help of an appropriate iron instrument, lifting up and turn- 
ipg back the cut edges of the ^[lass, until the whole is flattened 
upon the hearth of the annealmg oven. A small iron rake is 
then employed to push the plate along the floor to the e^d of 

P 
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the oven; and when this has been filled throng a succenioD 
of operations such as are here described, the door m fltopped 

Fig. 22. . 




and cemented. All further processes are in eyery roqiect the 
same as are followed with plates that have been cast 

The great size and weight of the glass render these opera- 
tions exceedinPy laborious, so that a man and his assistant can 
hardly db more than make one plate in an hoar, nor can thej 
continue their labor longer than six hops, zesting during an 
equal space before they resume their toil 

Plates which are blown cannot properly be made above finty- 
five, or at most fifty, inches in length, axid with a proportioDate 
breadtii. They Imve sometimes been made larger,- bat are 
then too thin to admit of their properly bearing the procesees 
of grinding and polishing, and are besides liable to warp, which 
of course destroys their value when employed as mirrora. 

It was long smce observed, that by exposing plate glass to 
the solar rays, it is made to acquire a violet or purple tinge, 
and this so rapidly, that the alteration is clearly discernible at 
the end of one or two years. Some plates, originally cdorleas, 
which had thus become tinged, having been brought under the 
notice of Mr. Faraday, he was induct to experiment upon the 
subject For this purpose, he procured three diflferent pieces 
of plate glass,, which were tinged so slightly as to appear alto- 
gether colorless, unless when viewed through their edges. 
Each of these pieces was broken into two portions, one of 
which was wrapped in paper, and set aside m a dark place; 
while the portion from which it had been separated was ex- 
posed to the air and the light c^ the sun. This exposure was 
commenced in the month of January ; and m the following Sep- 
tember a comparative examination was made. The pieces 
from which the light had been excluded exhibited no sign of 
change, while those which had been exposed had, in this short 
space of eight months, acquired so considerable b, degree of 
color as would, under other circumstances, have created a 
doubt regarding their origmal identity. 



CHAP. vn. ARTIFICIAX GEMS. 171 

CHAPTER yn. 

OR THB OOHFOSITION OF ARTIFICIAL OEMS. 

Oremt interest formerly attaobed to this lulqeet.— Different CompotitioiM 
for Artificial Gems. — Mode of Preparation. — Rock Crystal formerly em- 
ployed.— Not superior to Band.— Diamond Pastes.— Selection of various 
Pastes for Imitating diflferent Gems.— Reasons fbr such selection. 

A YERY considerable portion of every treatise on fflasB-mi^ 
king, which was in existence a century ago, and which com- 
prises nearly the whole of what has ever b^n published on t!he 
subject, was devoted to the art of composingiiactitious ferns. 
A great deal of mystery would seem to have been anected 
uwm this subject on the part of the manu&cturers, each one of 
whom was, or pretended to be, possessed of some secret rectjpe, 
which he thought superior to all others for the composition of 
these ornaments. 

A corresponding anxiety to acquire a knowledge of these 
mysteries being evinced on the paxt of the public, the authors 
aliove alluded to, so &r accj^uiesced in this feeling as to load 
their writings with one receipt after another, in almost endless 
succession, and in following which the artist was assured, that 
he might successfully rival nature in the production of these 
much-admired objects. 

The greater port of the compositions thus recommended, if 
indeed they were ever used, has long since passed into neg- 
lect ; and it will not be necessary, in tiiie present day, to insert 
more than a very few directions on the subject, which are given 
Qjion the authority of M. Fontanieu, as being well quGLiified, 
with the addition of various coloring matters, ror counterfeiting 
precious stone& 

Na 1. is c(»npo9ed of 20 parts of litharge, 12 of silex, 4 of 
nitre, 4 of borax, and 2 parts of wliite arsenic. These ingre- 
dients should be fritted together in a crucible, and afterwards 
melted, in which state the whole must be poured isuddenly into 
cold water. Any portion of lead which may have been revived 
in the metallic state will then he apparent and must be separa- 
ted. The glass may then be remelted fi>r use. 

Na 2. For this composition, mix together 20 parts of ceruse, 
8 of silex in powder, 4 of carbonate of potash, and 2 of borax. 
When these are perfectly melted, the whole should be poured 
into water, and then remelted in a clean crucible, in the same 
manner as No. 1. 

Na 3. consists of 16 parts of minium, 8 of Bock crystal in 
powder, 4 of nitre, and 4 of carbonate of potash. These ingre- 
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sults must be poared i^to i^-ater. Break this £wn and remelt 
it whh one twe1i«h of its weight of borax, and poor it again into 
water. If this last prodnct is once more melted with one twelAh 
of its weight of nitre, the resolt will be a rery fine hard glass, 
having an extremely beautiful histre. 

The length of time required for fusing hazd ^aaaes or pastes 
18 at the least twenty-four boors. The process herein directed, 
of pouring the melted glass into water, and then remelting, is 
feand to be of considerable use in thoroagfaly and intimately 
mixing the ingredients together. 

Of 3ie foregoing compositions, Xa 1. wjSl be fiund extreme- 
ly fusible, on account of its oonaderahle pn^wrtian of iluxing 
materials. It calls for the emplc^rment of the veiy best descrip- 
tion of crucibles, in order to withstand, for the requisite time, 
the corroding effects of the mixture. If any kind of glaas into 
the composition of which lead has not entered, is applied to and 
melted on the interior surfiu^ of the crucible, so as to Ihie it 
with a perfect c^laze prevkras to ase, the evil just mentioned 
will be materiiuly remedied. 

In order to make a perfect glass, which at the same time 
riifldl be sufficiently workable, 2 parts of silex require from 3 to 
4 parts, by weight, of oxide of lead ; but a somewhat smaller 
quantity of the latter may be used, if the deficiency is made up 
by the addition of some other fluxing material : the glass in 
this case will prove both hard and brilliant ; and, when proper- 
ly set, will exhibit a much nearer imitation of the diamond than 
iiK»st otijor vitrf'oiiH com position 8. 

Tt \vn^ ♦oriii'^rly iuin'rinpd !»y nrti^tri wlv) wrn«i;rht tjios^i arti- 
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ficial gems, that if the glass employed by them had for its bans 
rock crjTstal, rather thim sand, nint, or any other mineral of ^ 
like character, the result was a much huder glass than ordi- 
nary. This idea is, however, wholly without foundation ; for 
when the crystal has once been fused through the admixture 
of any kind of floz, the hardness of the minenu will be irrecov- 
erably lost, as this quality depends altogether upon its natural 
aggregation, which, in such case, is necessarily destroyed. 

Rock crystal is^ perhaps, somewhat purer than most other 
siliceous substances, scxne of which contain minute traces of 
iron, and which may possibly i^pciir the beauty of some colors 
which are imparted to glass, llie saine means as are used to 
render flint nriable, are employed for that purpose with rock 
crystal: this aboiM on no account be ground in metallic 
vessels. 

Some artists have succeeded, to a certain extent, in produ- 
cing a very fine, hard, brilliant, and colorless glass paste, in im- 
itation of the diamond, and have even eiven to this a very con- 
siderable play of light, or, as it is te(3micdly termed, water; 
but it has not been found practicable to compound way vitreous 
substance which coaid for a moment deceive the eye of any 
person accustomed to witness ihe superior brilliancy of real 
gems. The best of these mock diamcnds require, indeed, the 
aid of artifice in the mode of their setting, to render them in 
any great degree ornamental. M. Fontaniea recommends bis 
glass, Na I, described in this Chapter, as being' better quali- 
fied than any other for makin£r artificial diamonds. To bring 
this glass to such a degree of brilliancy and clearness as win 
prove at aU satisfactory, it must be retained in a state of per- 
rect fiisbn for a considerable space cf time. 

Loysel recommends, for the same purpose, the employment 
of a. difiTerent composition, the restdt of which will be a glass, 
haviiu; the same specific gravity as the white oriental diamond, 
and & this reason better imitating that r^lendent substance 
in ita.refinctive an^ dispersive powers. His recipe is as fol- 
lows: — 

WbJifi sand purBQed by bein^ waebed first 
m muriatie acid, and. aftierwards^in pure 
water, .iwdl. an/ traces oftlye acid are 

rernQved . ^ . . , ,. - ^ . 100 parts* 

Red oxlude,Qf lead(iyuniu]n). . « . . v* • X^ 
Calcined potash' ...... !^ . i .... . 39 to 35' 

Calcined borax 10 

Oxide of arsenic . . . . ^ 1 

This composition is easily fiisible at a moderate heat; but like 
that proposed by Fontanieu, requires to be kept in a melted 

P2 



174 GLASS MANUFACTUBE. CUAP. VU. 

■tate fbr two or three days, to perfect the refining, and to cause 
the dissdpatioQ of the superabimdimt alkalL 

The same anthor has furnished the fUlowing receipts fbr the 
Jbrmation of pastes, qualified, upon the additkm of appropriate 
ocJoring materials, &it the imitation of various gems. The re- 
marks already maide as to the length of time required for the 
due preparation of the diamond paste equally apply to these 
compositions : — ~ • 

White sand, purified in the manner point- 
ed out in the preceding receipt, .... 100 parts. 

Red oxide of lead 200 

Calcmed potash, and nitre, of each .... '20 to 25. 

The specific gravity of this glass, water being 1, will be 3.9 
io4 

White sand, prepared in the manner be- 

fi)re mentioned, 100 part& "> 

Red oxide of lead, 900 

Calcined potash, 5 to 10 

Calcined Ixirax, 200 to 800 

Tlie specific gravity of this compound will vary fixun 3*3 to 4. 

White sand, prepared as above, 100 parta 

Red oxide of lead, 250 

Calcined potash, 15 to 20 

Calcined borax, 25 to 80. 

This will have a greater specific, gravity varying firom 4 to 
4.5. 

In making his selection between one or other of these paatei^ 
the artist should be guided by their varioos specific gravitieB, 
choosing preferably that glass which is nearest in this respect 
to the particular gem which he is deeiroiis of imitating; and 
this, not with the view of providing himself with an adcotionil 
means of deception, but because, me refhu^ve aiKl dispershe 
powers of difierent transjyarent bodies . being determined hy 
their comparative weights, the resemblance will, by such a 
selection, be rendered more perfect to the eye. To one simple 
test, that of their hardness, recoorse caii be had so easily, that 
ever^ one may, with very litde previous instmction, ascertain 
for himself th^ genuineness of any gem that is ofil^red to his 
notice, without any apprehension ot being deceived. 
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CHAP. vm. 

ON THE MANUFACTURE OF GLASS FROM CALCTNED BONES. 

Preparation of Bones— Tbeir-Vitrification.—ProccM known to Beefier.— 
Concealed* ~by bim.— Curious Suggestion as to its Eropioynient.— Tfai« 
Glass highly electric when newly made. 

Glass may be made from calcined bones by digesting them 
during two or three days with half their weight of BUiphuric 
acid, evaporating to dryness, and washing the residue in many 
different waters, until all the soluble matt^ is exhausted. The 
poduction of this effect is known by the water having no 
longer a yellow tinge. 

The different waters thus used must then be brought to- 
gether and evaporated to a£&rd a solid extract To separate 
Sie sulphate of lime contained in this, the extract must be dis- 
solved m the least possible quantity of water, and filtered : the 
salt wiD then remain on the filter. This extract may be mixed 
with powdered charcoal, and distilled for the production of 
pho6|^orus ; but i^ instead of this, it be placed in a largo cru- 
cible, and the fire is urged, it will at first swell considerably, 
but ere lon^ will again settle, and at that instant the glass is 
made. This is white, and of a milky color. 
^ These directions are taken from tne System of Chemistry of 
M. Chaptal ; who tells us that before his time Bedher was per- 
fectly well acquainted with the use to which bones could thus 
be applied, but that he concealed the process, on account of the 
abqse which, according to his apprehensions, might be made of 
it, and to which he plamly enot^ alludes'in the words — '< Ho- 
- mo vitram est, et in vitrum redigi potest ; sicut et omnia ani- 
malia.^ This autiidr was, nevertheless, led to express his re- 
gret that the Scydinns, who drank from disgusting skulls, were 
not acquainted with the ait of converting mem into so cleanly 
a substance as glass; — and he also showed the possibility of 
forming a gallery of family effigies, moulded 6mm glass, the 
produce of the identical bones of the originals, in which the 
likaiiesses mi^t be preserved as truly as they now are by tlie 
limner. M. Chaptal adds, that a skeleton of nineteen pounds* 
weight may be made to yield five pounds of this phosphoric 
glaML 

Newly made glass of this description will emit very strong 
electric spexks, which will fly to the hand at the distance of two 
inches: but this property ceases after one or two days, however 
careftdly the glass may be preserved from ccxitact with the at: 
mos^icre. The substance is in fact phosphoric acid which h^i 
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A i ii iM B H t MM nnmher of ftztklee are made of gluB witk 
the aid ofalampmndblowpipeL Tliepnnc^alof thoeuticleib 
auch aa tbermomeCen and banaDeien^ are fivnaed fiom tnbia 
which are made at the gfiiw hooaea, cf difierent faocea and waJy 
fltancea, fay drawing out qaicklT, and wldk& aoft with beat, a 
thick and short tobe into one thai ia thin and ioog. 

The method of perfiirming this pnoeaa i% to gather the ae- 
eesaary weight of glaae upon the rod; and this giaaa faafiog 
been elongated and hollowed fay the worknnn'a faveath in the 
usual manner, a pont is attached to the end of the cylinder op- 
posite to the rod. The workman then hnMing ihs rod Ind hn 
aflffjglant the pant, each proceeds in a direction opposite to tint 
taken by the other, by which meana the tobe is *»l«ng »*H in 
the necessary d^ree; and being tfaten made to rest upon UletB 
cf wood placed horiaxxitally and paialld to each odier «t eqoal 
distances on the ground, it speeduy ooob^ and may in that itate 
be readily cat into convenient Iength& 

Fig. 23. 
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Whatever may be the original form of this tobe and cf its 
perfbratbn, it is found that Qie same fbmn will be relatively 
continued throughout the entire length to which it is drawn 
out . If its p(?rfoFation be at first cylindrical, it wHl so ccntinae. 
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whatever decree of ieiigtli and minuteness it may be made to 
assume ; and an equal sameness will be foun^ to accompany 
the prolongation, if any other form be originally given to the 
orifice. 

A method has been suggested by Mr. Wilson, of Glasgow, to 
render the mercury in a thermometer tube easily observable, 
without incurring the inconveniencies which attend a large 
bore. This method is founded on the property above mention- 
ed, and which is indeed common to all ductile substances.* 
Mr. Wilson proposes to form the tubes with an elliptical per- 
foration, which when drawn out will fonn a mere slit, the flat 
side of which is to be turned towards the observer. It docs not 
appear, however, that these tubes have come into any extensive 
use. , 

This eUiptical bore is caused by flattening, in the necessary 
degree, and before it is drawn out, the short thick tube already 
described ; restoring then its external cylindric form by coating 
it over with a further portion of melted glass, and rolling it on 
the iron slab, mentioned in pa^e 137, in our description of the 
processes pursued in blowing flmt glass. 

The apparatus usually employed by those who undertake this 
branch of glass-working is extremely simple. The table is 
substantially made, and has fixed at its bottom a small doublc- 
blast bellows, worked with a foot-board, that the artist may 
himself govern its action, and at the same time have both his 
hands at liberty for the other operations which he has to con- 
duct A pipe, proceeding from the bellows, conducts the blast 
of nu* to the lamp, which is usually nothing but a bundle of 
coarse cotton thread, placed in a common tin vessel of a horse- 
shoe shape, the flame being fed wiA lumps of tallow heaped up 
and intermixed with the cotton. A small chimney is hung over 
the lamp, and at a short distance from the flame, to carry of!* 
the smoke, which otherwise would be inconvenient to the work- 
man. The blast pipe is so placed and directed that it throws 
off the jet of flame /rom the lamp in a direction contrary to that 
occupied by the workman, so that all annoyance from this source 
is equally avoided. 

TVo or three very simple iron tools, such as files, forceps, 
scissors, &c., make up the rest of the glass- worker's apparatus; 
while his materials are mostly confined to an assortment of 
tubes having various bores, and composed of different thick- 
nesses of glass. When employed in making toys or ornaments 
of glass, tubes of various colors are provided by the workman: 
Ihese are easily procurable at any glass-house, a good stock of 

* For a beautiful tGientific application of this prineipic, see Lardaer's Me- 
fiianicv, Cab. Tyc. p. 0. art. (12.; 
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all kinds oi tubing being generally kept by the mokera Tho 
flame, when most strongfy urged by the blowpipe, is about four 
inches long, having its end of a blunt round form ; its cdor, 
in the part nearest to the wick, is of clear light blue, and be- 
yond this of a pale yellow, the blue' portion having by fiur the 
greatest heating power. 

In proceeding to work, care must be taken to remove all 
moisture from the tubes, both within and on the outside ; they 
must be heated gradually, to prevent their cracking; and the 
greater the thickness of the glass, the more necessity there is for 
caution on this head. Glass is so imperfect a omductor of heat, 
that where utensils made with it of any considerable thickness 
have fire applied to them, it is difficult to {oevent an unequal de- 
gree of expansion, which induces that correspondine' ineqaalitr 
of pressure among the' different parts under whicn some.wiU 
inevitably give way and fly asunder. It is for this reason that 
^iasses intended for use in chemical laboratories can hardly be 
irvijde too thin, or with too great attention to the eauality of their 
eubstance, so that heat may be quickly and uniformly transmitted 
«arough the mass. 

Glass tubes should be first heated by being held in the flame 
of the lamp, without employing the blast of air; they should 
next be brought to the yellow outer edge of the flame when 
urged by the blowpipe ; and, lastly, the fiuion must be completed 
through bringing the glass by slow degrees within the hottest 
part of the flame. 

The power of a blowpipe, such as is ustnlly eoiployed for 
these purposes, is sufficient for bringing to a white beat a solid 
lump of glass large enough to form a bulb which will contain 
three fluM ounces ; a size much larger than can be required fir 
purposes to which the lamp is usuaBy api^ied. 

It may be well to describe briefly one or two operations, such 
as are u^ially effected by means of the lamp and blowpipe ; 
from which will be made apparent the great fiicility wherewith 
this seemingly re&actory substance can be moulaed,, through 
the agency of heat, according to the will of the workman. 

If it be wislied to seal a tube hermetically, that is, to close it 
effectually at the end by causing the intimate union of its par- 
ticles, it will suffice tluit the j^irt be held during a short tune 
in the flame, turning the tube round with the fingers so as to 
occasion an equal action upon every part : by this means the 
end will presently be so &r sofl^ned, or partiaUy fusedt that the 
particles will &11 in and run together; mus effectually closing 
the orifice, and producing the appearance of a small button at 
the extremity. This operation may be hastened, i^ wheo the 
glass is rendered soft by heat, and before any fiision has ensued, 
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the parts are brought into contact towards their common centre 
by means of a stout iron needle. In some cases, and particular* 
ly .when the tube is of any considerable substance, the button 
thus formed on the end would be inconveniently large, and 
mi^ht besides either fly in cooling, or be accidentally broken. 
This can be remedied by lessening, in the following manner, 
the quantity of glass whereof it is composed. 

The end being softened in the flame of the lamp, and another 
piece of tube of the same size having been equally acted upon, 
the two ends are to be brought together, and may, by a very 
little management, be firmly united. If then the tube which is 
to be seal^ is scdflened a little higher up than the point of 
union, and the two tubes are pulled gently m opposite directions 
until they separate, that which is heated will be drawn out with 
a diminii&ed substance, and may be easily sealed in the- part 
that is required, the joined ends and a portion of the sealed tube 
remaining attached to the waste piece. 

In makmg aome kinds of thermometers, and for various pur- 
poses connected with experimental chemistry, it is often requir- 
ed to bend tubes of glass : when these are of small bore, and 
their substance is tolerably thick, it is only requisite to hold the 
tube in the weaker part of the flame, ^in order to soften it 
through about one or two inches of its length, when it may be 
slowly and gently brought to the shape required. 

Scwiethmg more than this is needed if the tube be wide and 
its substance thin. In order to preserve in such case the particu- 
lar form of the bore, and to prevent its bein^ much straightened, 
or perhaps closed at the bend, as it most prooably would be if no 

Erecaution were taken against it, one end of the tube should be 
ermetically sealed ; and during the time the workman emplojrs 
himself in bending it at the required part, he should also blow 
steadily but very gently into the open end. The pressure of 
his breath employed in this manner, will keep the softened 
part of the tube distended in the proper degree, so that it can- 
not collapse during the bending, and the perforation will be 
maintained in its original form. The closed end of the tube 
may be readily cut on by first scratching with a file and then 
breaking it suddenly ; an operation which, with a very little 
care, may be performed without risk of dividing the tube in any 
oti^er part of its length. 

Two tubes may hs joined together with tolerable accuracy 
by heating their ends in die £ime, and then bringing them 
mto contact ; turning them round in opposite directions with a 
screwing motion, in order to complete their jimction. If it be 
desired to remove ^e thickened ring of glass which will thus 
be |Ht>duced, one end of the tube must then be previously seal- 
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ed ; and when the union has been fbUy completed in the way 
described, and while the glass is yet soft, the workman must 
blow into the open end, aiul gently pull the tube at the point of 
junction, until the ring disappears, and the whole tube becomes 
equally cylindricaL 

In forming hollow bulbs at the end of tubes, such, £ur in^ 
stance, as are required in making;' thermometers, the fallowing 
process must be used : — The end whereat the bulb is to be form 
ed must be sealed ; and in order to collect at this extremity the 
needfiil quantity of fflass, it must be pressed while ^et quite hot 
upon some hard sumce, l^ which means that part is somewhat 
shortened and consolidated into a lump. This must then be 
held in the most intense flame of the blowpipe until it is quite 
white hot; being then removed, and the breath applied moder- 
ately and steadily to the open end, and keeping the tube in the 
meanwhile with the heated end hanging downwards, the 
lump will be enlarged into a spherical bul^ the diameter, and 
consequently the substance, of which can be regulated accord- 
ing to the pleasure ^of the workman. 

It has been already mentioned that glass may be spun into 
very long and minute threads, with great velocity, when the 
mass firom which it is drawn has been previously heated. For 
this operation the use of the blowpipe is required, and the man- 
ner of its performance is very simple. 

The lump of glass being sufficiently softened by the flame, 
another piece of glass is applied to it, when the two^ cohering 
together, and being then drawn apart, are seen to be connected 
by minute filaments. A fine thread being thus obtained, its end 
is applied to a wheel or reel, and the heat of the glass being 
maintained, while the wheel is turned with consideniUe velo- 
city, a thread may be drawn continuously out as long as the 
workman pleases, or until the store of glass is ^olly expended. 

The thread thus made is extremely flexible and delicately 
.fine. Its firmness depends in a great measure upon the heat 
whereat the glass is maintained, and upon the velocity where- 
with the wheel is turned : the greater these are, the firmer will 
be the thread. 

Glass is only treated in this manner in order to afibrd a pleas- 
ing exemplification of some of its properties, or ibr purposes of 
ornament When it is desired to produce colored threads, the 
material employed should be embued with a very deep tint, as, 
when drawn out in such minute filaments, it would otherwise 
appear nearly colorless. 

The preparation of watch-glasses involves a series of simple 
but interesting processes. Only a part of these is performed at 
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the glaas-hoose ; the remainder being the objects of a Separate, 
asd, when viewed with reference to its extent, by no means 
unimportant branch of trade and mannfactare. 

All that is eflfected by the glass-blower is the production of 
regular hollow spheres, each being eight inches in diameter, 
and weighing twelve ounces. 

It is a circumstance, perhaps, not the least deserving of notice, 
in detailing the operations or the glass-house, that the men em- 
ployed to gather glass from the pots for this and similar pur- 
poses, upon the end of the hollow rods, attain through constant 
practice so much proficiency as to bring away with the great- 
est accuracy exactly the quantity that is needed for the forma- 
tion of the required object. To such a degree is this correct- 
ness carried, that, on weighing many dozens of spheres such as 
have just been described, not one has been found that varies 
half on ounce £rom the proper weight 

The blowing of these hollow globes is performed with great 
celerity. Owmg tothe circumstance that the glass of which, 
they are compo^ is exceedingly thin, so that their cooling, 
-although rapid, is also ^effected with considerable regularity 
throu^ their substance ; and because in the further progress 
towaras their ultimate fbrm^they are again to be softened by 
heat, these globes are delivered to the watch-glass maker as 
soon as they are blown, and without passing through the 
annealing oven. 

The first operation performed by the last-mentioned artist is 

to divide each sphere into the largest possible number of sec- 

. tions of the requisite size ; it being manifest that any errors 

committed at this stage of the proceeding would, by wasting 

his material, place the manu&cturer at a disadvantage. 

in proceeding to eiiect this division, the workman seats him- 
self; and taking the globe in his lap, with a {»ece of heated 
wire or tobacco-pipe, (which last is perhaps chosen preferably, 
because it longer retains a sufficient degree of heat,) he traces 
a line upon the globe, and quickly thereafler wetting the line 
thus traced, the glass- will crack and divide along the line with 
the most admirable precision. The sections thus obtained will 
necessarily have many angular irre^larities : these tire dexter- 
ou^ clipped away by means of scissors. 

Tiie segments into^hich the incy|vidual pieces have now 
been cut, -will- be wanting in the requisite degree of convexity. 
Before this can be imparted to them, they must have their brit- 
tleness removed, and be considerably softened by heat When 
■ this has been effected, taking an appropriate instrument in each 
hand, and using* them much in the same manner as the dairy- 
maid employs her wooden spoons in raising a pat of butter, 

Q 
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the workman presses the edges of the glass regularly in to- 
wards the centre, which is by this means made to rise in a cor- 
responding proportion. The edges are then ground evenly oS, 
and the watch-glass is ready for sale. 

% Lunette glasses are difl^rently made. These are not seg^ 
ments of spheres, but have their edges abruptly raised, and 
their interior areas or faces flattened. In forming these lu- 
nettes, a much smaller quantity of glass is gathered fixnn tbe 
pot than is required in blowing globes for ordinary watch- 
glasses. A hollow pear-shaped figure is then blown» having 
me larger end, which is farthest fi^m the extremity of the ro£ 
of the size required for a weytch-^lass, and the requisite flat- 
ness is occasioned by pressing this end, whUe soft, upon any 
smooth level sur&cb. 

These glasses axe necessarily much higher in price than 
those more commonly used for watches ; both because they are 
mado to contain a greater weight of glass, and because, only 
one form being cut from each hollow pear-shaped figure, the 
labor expended in the manufacture is proportioimlly greater. 

A very considerable manufacture of glass for the formation 
of bead^ is carried on at a place called Murano, situated near 
the city of Venice. There is nothing peculiar in the composi- 
tion of the glass made use of for this purpose, nor in the meth- 
ods employed for its preparation ; and although the manu&ctu- 
rers afiect great secrecy as to the coloring, substances which 
they mix with the glass, it is not likely that they possess any 
real advantage over others in this respect, or that they have 
made any useful discovery of materials different fixxn those 
commonly employed in coloring glass. > 

When upon inspection the colored glass is found to be in a 
fit state for working, the necessary quantity is gathered in the 
usual manner upon the rod, and is blown into a hollow form. 
A second workman then provides himself with an appreciate 
instrument, with which he takes hold of the glass at the end 
which is farthest from the extremity of the rod, and the two 
-men running thereupon expeditiously in exactly opposite direc- 
tions, the ghss is drawn out into a pipe or tube, in the manner 
of those used for constructing thermometers, the thickness of 
which depends upon the distance by wMch the men separate 
themselves Whatever fiiis thickness may be, the perforation 
of the tube is preserved, and bears the same prc^rtion rela- 
tively to the substance of the glass as was originally given to 
it by the blower. In these particulars the workmen of course 
govern themselves according to the size and description of the 
beads which are to be made. The glass-house at Mturano is 
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provided with a kind of gallery 150 feet in length, and which 
much resembles a rope-walk, wherein the tubes are drawn out 
in the manner .here described. 

Tubes striped with different colors are made by gathering 
fibm two or more pots lumps of different colored 'gli^ which 
aire united by twisting them together beibre they are drawn 
out to the requisite length. 

As soon as they are sufficiently cool for the purpose, the 
tubes are divided into equal lengths, sorted according to therr 
colors and sizes, packed in chests, and then dispatched to the 
city of Venice, within which the actual manu&cture of the 
beads is conducted. 

When they alrive at the bead manufactory, the tubes are 
again very carefully inspected, and sorted according to their 
diOerent ciiameters, preparatory to their being cut into pieces 
sufficiently small for making beads. 

' For performing this latter operation, a shai^ iron instrument 
is provided, sha;^ like a chisel, and securely fixed in a block 
of wood. Placing the glass tube upon the edge of this tool 
at the part to be separated ; the workman then, with another 
sharp instrument in his hand, cuts, or rather chips, the pipe 
into pieces of the requisite size ; the skill of the man being 
shown by the uniformity of size preserved between the differ- 
ent fragments. 

The minute pieces thus obtained are in the next process 
thrown into a bowl containing a mixture of sand and wood- 
ashes, in which they are continually stirred about until the 
perforations in the pieces are all filled by the sand and ashes. 
Ti^ provision is indispensable, in order to prevent the sides 
from fidling together when softened by heat in the next opera- 
tion. 

A metallic vessel with a long handle is then provided, 
wherein the pieces of glass are placed, together with a further 
quantity of wood-ashes and sand ; and the whole being subject- 
ed to heat over a charcoal fire, are continually stirred with a 
hatchet-shaped spatula. By this simple means the beads ac- 
quire their globular form. 
. When this has been imparted, and the beads are again cool, 
. they are agitated in sieves, in order to separate the sand and 
ashes ; this done, thev are transferred to other sieves of differ- 
ent degrees of fineness, in order to divide the beads according 
to their various sizes. Those of each size are then, after being 
^ strung by children upon separate threads, made up into bun- 
dles, and packed in casks for exportation. 

In this manner, not fewer than sixty different kinds of glass 
beads are prepared in vast quantities. The principal trade in 
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these is earned on with Spain and the coast of A&ica ; but 
8om6 portions find their way to nearly all parts of the world. 

Another and a more costly description of glass beads, made 
in imitation of pearls, has long been produced in France. Al- 
though the name of the inventor of these ornaments has been 
^thfully preserved, the period of their invention is not pre- 
cisely known. Reaumur, on whose assertions the greatest re- 
liance may generally be placed, states this to have occurred in 
1656. An anecdote related by Beckmann* of a cheat success- 
fully played off upon a lady by a French nobleman, leads to the 
conclusion that thirty years later than the period here mention- 
ed, these mock pearls were &r from being generally introduced 
or even known. * 

The manner of their invention was this: — M. Jaquin having 
observed that upon washing a small fish, the Cyprinus atbuT' 
nuSf or bleak, the water contained numerous fine particles^ 
having the color of silver, and a pearly lustre, he suffered the 
water to stand for some time, and, collecting the sediment, 
covered with it some beads made of plaster of Paris, the fa- 
vorable appearance of which induced him to manu&cture more' 
of the same kind for sale. These were at first eagerly adopt- 
ed ; but the ladies soon finding that when they were exposed 
to heat, the lustrous coating transferred itself from the beads 
to their skin, they were as quickly discarded. 

The next attempt of M. Jaquin was more successfiiL He 
procured some glass tubes of a quality easily fusible, and, by 
means of a blowpipe, converted these into numerous bellow 
globules. He then proceeded to line the interior sur&ce of 
Qiese with the powdered fish-scales, which he called essence 
of pearl, or essence d* Orient, This was rendered adhesive by 
being mixed with a solution of isinglass, when it was intro- 
duced in a heated state inside the globules, and spread over the 
whole interior surface, by shaking the beads which, for that 
purpose, were placed in & bowl upon the table. These hollow 
beads being blown exceedingly thin, in order to produce a bet- . 
ter effect, were consequently veiy tender. To remedy this 
eviJ, as soon as the pearly varnish was sufficiently dry, they 
were filled with white wax, and being then bored through with 
a needle, were threaded for sale. 

An expert workman can blow from five to six thousand small 
glass globules in a*day ; but, as some attention is' called for in 
regard to the shape and appearance of these beads, the produce 
of a man*s daily labor will not much exceed one fourth of that 
quantity. The closer to counterfeit nature in their manu&ctare, 

* HiBt«of Inventions, vol. ii. art. Artificial Ptarls. * 
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these beads are sometimes pmiposely ma4e with blemishes, and 
of somewhat irregular forms. Some are made pear-shaped; 
others are elongated Uke olives; and others again are flattened 
on one side, in imitation of natmtd pearls, which are set in a 
manner to i^ow.only one side. 

The fish whose scales are put to this' use are about four 
inches in length. They are fi>und in great abundance in some 
rivers ; and, being exceedingly voracious, suffer themselves to 
be taken without difficulty. The scales furnished by 250 of 
these fish will not weigh more than an ounce, and this will not 
yield more than a fourth of that quantity of the pearly powder 
applicable to the preparation of beads ; so that 16,000 fish are re- 
quured in order to obtain only one {wund of the essence of peart. 

Up to a recent period, the heirs of Jaquin, the first inventor, 
carried on a considerable manuiactoiy of these mock pearls in 
Paris. The fish are tolerably abundant in the river Seme ; but 
their scales are conveyed from distant parts in much larger 
quantities than can be procured on the spot, for which purpose 
tbey are preserved in volatile alkalL 

The dial-plates of clocks and watches are made of opaque 
white glass, which has acquired the name of enamel The pe- 
culiarly delicate appearance of these, as well as their opaque- 
ness, result from the presence of oxide of tin. 

These plates, which are not of greater diameter than twelve 
inches, are made in one piece ; but any which are required to 
be larger than this, must be formed in separate segments, and 
afterwards joined together. 

In the preparation of dial-plates, the first process is that of 
hammering a thin plate of copper of the requisite size upon a 
slightly concave anvil constructed of hard wood ; for which 
operation a convex hammer is employed, and in this manner 
the proper state of convexity is imparted to the plate, without 
impairing in any degree the smootlmess of its sur&ce. 

,The centre hole for the hour and minute hands, as well as 
that whereby the key must be introduced for the purpose of 
winding up the clock or watch, toother with other smaller 
holes, for the screws by which the dial is to be attached to the 
works, are all made by passing tools of appropriate forms and 
sizes through the copper, firom the concave side, in such a man- 
ner that the metal displaced in the act iQay form ridges round 
the holes on the convex side, and be insthimental in retaining 
the enamel to the requisite thickness upon the surface, when 
in its state of fusion. For this same purpose, the outside edge 
of the plate is hammered up all roUnd, so as to form a ridge of 
the requisite depth ; and provision must be made for this rim 

Q2 
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in the size originally given to the copper. The metallic plate 
thus formed is thoroughly cleansed by bein^ immersed in a 
weak dilution of nitric acid, after which it is dipped in pore 
water, and rubbed smkrtly ov«r with a brush formed of brass 
wires. 

The white enamel is then broken in a hardeiled steel mor- 
tar, until it is reduced to fragmeMs about the size of fine 
sand ; and the whole should be brought as nearly as possible to 
the same state as regards the size of the particles. The pounded 
glass is then washed in, very clear water, and the heavier parts 
having subsided, the remaining milky-lookingliquid is poured 
off and left to settle in a separate vessel This operation is 
several times repeated ; so that the powder may be divided into 
separate portions, having different degrees of fineness. 

The enamel bein^^us sorted and well washed, the separate 
portions are placed m glass vessels, and nitric acid' is poured 
over, so as completely to cover the powdera The acid must 
be jeft on tJie enamel tluring the space of twelve hours, the 
whole being occasionally stirred with a glass spatula, in older 
to dissolve away any metallic particles which may have been 
abraded from the steel mortar, and which would greatly impair 
the whiteness of the enamel when subsequently apjdied on the 
fiice of the plate. The acid is then poured dR, and the enamel 
washed in successive waters, until it no longer contdins any 
acidity ; aft^r which, it is again covered with pure water, and 
in thffl state it must remain until used, that its perfect white- 
ness and purity may be j)reserved. 

It is necessary to operate upon both sides ci the plate, lest 
the heat of the enamel, when in a state of fiision on the con- 
vex side, should alter the curvature of the copper, and deform 
its shape. 

The enamel, when prepared in the manner described, is first 
applied to the concavje or under hce ; in which process the 
artist spreads over it with a spatula, as thin and as *evenly as 
possible, a -portion of the finer settlings. A tool which had pre- 
viously been inserted m 1^ centre hole is then withdrawn, and 
its place sup])lied with a rag of clean linen, which abeoits all 
the superfluous water from the enamel, bringing it to such a 
state df consistency, that this, which is called the counter-en- 
amelling, will adhere sufficiently to the copper wh^i the posf-. 
tion of the {date shalLbe reversed. In then proceeding to op- 
erate upon the convex surface, the plate must be turned over, 
a tool being again placed in the centre hole, and a layer of the 
coarser part of the pounded glass thereafter applied with every 
possible care as to the evenness of its distribution. It is par- 
ticularly Tequisite to cover well the edges of the dial-plate, as 
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well a^ those of the di^rent holes, lest the heat should after- 
wards Act too powerfully upon the metaL To draw off the su- 
perfluous moisture from this layer of enamel, a fine linen cloth 
18 applied round the entire edge, wfaiehi in this altered position 
of the dial, is now its lowest part, and has in that respect taken 
the place of the centre hole in the counter-enamelling process 
first mentioned. In order that the particles may arrange them- 
selves pn^rly and closely together, the tool still remaining in 
the centre hole is then subjected to two or three slight concus- 
Sims, and much of the beautiful appearance of t£e finished 
dial-plate depends upon the neatness with which this operation 
is performed. If the enamel is evenly spread and well packed 
together, no hollow^wiU be left below the surface when it has 
b^n melted, and the requisite degree of smoothness will be at- 
tained. To dissipate any moisture which may now be retained 
hv the enamel, the plate is dried on a sheet of iron over a 
chafing-dish. 

The dial-plate, thus prepared, is introduced cautiously and 
b]l degrees under a muffle placed in a furnace, it being neces- 
Boiy to heat it gradually : in this l^ituation it must remain until 
it IS perceived that the enamel begins to melt ; the sheet of 
iron on which the dial is placed should then be turned gently 
round, in order that every part may be equally exposed to the 
heat of the muffle. So soon as the enamel is seen to be per- 
^btly melted over the whole surface, the plate must be with- 
drawn with as much caution and deliberateness as was used 
upon its introduction ; and, in order to prevent the cracking 
and scaling ofi* to which the gkss would otherwise be liable, 
the plate must remain for some time coolin? very gradually at 
the mouth of the muffle. JThe neceassity for this delay in the 
process arises from the same physical law which obliges the 
manufacturer to have recourse m larger operations to the 
annealing oven. 

When this first firing has been completed, the plate must be 
cleaned, as before, wi3i a very weak dilution of nitric acid ; 
and a layer of the finer settling of the enamel is to be spread, 
in the manner already described, over the convex side. It is 
not necessary to apply any further coating to the inner or con- 
cave surface, unless upon examination any part of the former 
layer shall appear defective ; in which case such jwirt must be 
made good with a further {wrtion of the same division of the 
enamel as was used before.~ 

The same precautions that were observed in the first firing 
for placing the dial-plate within, and for removing it from the 
muffle, must be repeated now ; and must equally be jffkctised 
when a third layer, which must be of the finest and whitest 
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portion of the enamel, is subsequently spread over the convex 
side. When this third layer has in its turn been fused and 
gradually cooled, the dial-plate is complete, with the exception 
of the figures or lettering, which must be placed upon the con- 
vex side to mark the divisions of the hours and minutes, and 
which are thus applied :-^— 

A black enamel, which is so composed that it will fuse at a 
lower degree of heat than the white opaque glass already em- 
ployed, is to be ground exceedingly fine in an agate naortar 
with a pestle of the saJne substance, and in combination with 
oil of lavender ; which, as it would of itself be too thick, must 
have its consistence reduced by the addition of oil of turpentine. 
To such an exceeding degree of fineness is. it considered ne- 
cessary to reduce this black enamel for tfie purpose, that the 
labor of half a day is usually employed in thus finding a drachm 
weight A further quantity of the mixed essential oils must 
afterwards be added, that the enamel may be sufficiently thin 
to flow readily from the pencil. 

, The dial-pkte is then placed upon eome level sur&ce, and 
by means of a pair of compasses, having one of the legs blunt 
at the end and rounded, so that it will freely turn in the centre 
hole where it is placed, and the other leg provided with a black- 
lead pencil, two circular lines are slightly traced at unequal 
distances from the centre, between which the numerals are to 
'be inserted. The exact position of these is determined by 
means of a sector furnish^ with a movable limb ; and the di£> 
ferent figures being drawn with a camel's hair pencil charged 
with the prepared black enamel, this is lefl to become pefectly 
dry in the air; aYid its fusion having afterwards been eflfected 
in the muffle, the dial-plate is completed, and in a fit state to 
be placed in the hands of the clockmaker. 
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CHAP. X. 

ON THE FORKATIOlf OF LER8E8. 

Preparations of the necessary Tools.— Choice of Glass.— Grinding. — Poliab*' 
ing.— Curdled Lenses.— Means used for aroiding this Defect. 

In grinding glass fi)r spectacles, or preparing them as lenses 
for optical instruments, the first thing to be attended to is to de- 
termine the proper focal distance of the ^lass. Taking th€ta a 
pair of compasses, which, on the supposition that the glass is 
intended to be convex or concave on both sides, must be opened 
to the lull focal distance ; two arches or segments of circles^ ^ 
each extended^ somewhat beyond the hread£ which it is in- 
tended to give to the glass, must be described upon a piece of 
sheet copper, which must then be filed away irom the out- 
side of one and fixun the inside of the other arch. By this 
roeanis two gauges are formed, the one convex and the other 
concave, ana each perfectly answenij^ to the other. 

If it is intended that the glass shall be what the opticians call 
plano-convex or plano-concave, that is, having one of its sides 
flat, while the omer has received the requisite curvature, the 
compaeses wherewith the arches are described should be opened 
to only one half the focal distance. 

Two circular plates of brass, about one-tenth of an inch in 
thickness, and each being of a little larger diameter than the 
intended lenses, are then securely soldered upon a cylindrical 
piece of lead of an equal diameter with the \misB discs, and one 
inch in thickness; these, which are called tools, are then fixed 
in the lathe^ and turned so as to correspond with the copper 
gauges, the sur&ce of one being made convex, and of the other 
concave. 

The two brass discs are then to b^ ground together with 
emery, or with pounded Turkey-stone, until their surfaces ex- 
actly coincide in every point 

If the focal distance is very short, so that t^ie convexity and 
concavity require to be very considerable, the brass discs should 
be hammered as neaiiy as possible to their intended form be- 
fore they are soldered to the leaden cylinders, and turned ; 
otherwise either the thickness of the brasses would require to 
be inconveniently increased, or the more considerable portion of 
their substance, which must in such cajse be cut away, would 
occasion the discs to be too thin and yielding-. 

The glass of which a lens is composed is chosen with refer- 
ence to the purpose to which it is to be applied, and a<^rding 
to its refractive and dispersive powers : its selection must be 
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left to the discretion of the optician. Its two surfaces should 
originally be perfectly parallel. Being cut or clipped into a 
circular ibrm by means of scissors or pincers, the edge must be 
smoothed on a common grindstone, and the glass fixed by seat- 
ing one of its surfaces in softened pitch on the flat end of a solid, 
cylindrical, wooden handle of smaller diameter than the glasa 
The centre of the axis of this handle must coincide exactly with 
the centre of the glass. 

I^ to suit a short focal distance, the curvature of the lens re- 
quires to be great, it will simplify the labor of the artist, if, pre- 
viously to its being thus fitted to its handle, the glass is reduced 
upon the grindstone as nearly as possible to me shape of the 
gauge. Some judgment is, however, necessary in this process, 
lest the abrasion should be carried too &r, even, in any one mi- 
nute point, which would render the glass wholly unserviceable. 

The convex form is that which is most commonly given to 
lenses; and in describing the process for e^cting this, the 
mode of producing concave glasses will equally be miderstood ; 
the only difference between the two methods being this, — that 
in the first operation, the concave tool and gauge are brought 
into use ; while for the other, those having a ccmvex form are 
employed. 

The whole being thus prepared, the concave tool is fixed 
firmly on the working bench; and having some fine emery 
sprinkled on its surface, the glass is worked upon it with circu- 
lar and cross strokes alternately ; the artist being careful that 
thOiCentre of the glass shall never pass beyond the edge of the 
tool. 

When by these means the glass has been so far ground that 
its surface coincides with that of the tool at every point, the 
emery is to be washed away, and some of the finer kind substi- 
tuted ; and so on through three or four different degrees of fine» 
ness, until all the roughnesses and apparent scratches on the 
glass are worn down, and it has become perfectly smooth*to the 
touch, although dull and opaque to the eye : after this it is 
sometimes further ground with finely pounded pumice-stone. 

At the expiration of every five or six minutes, during this 
grinding process, the sur&ce of the tool is rubbed for a short 
time within the concave tool, that its proper curvature may be 
perfectly preserved. Wlien the operation has been completed, 
the glass is easily separated from its wooden handle by means 
of a thin knife, and the pitch is removed by rubbing it with oil. 
The side which has been ground is, in its turn, fixed upon the 
wooden handle, and the other side is then ground in the same 
roannef 'as the first . 

Convex glasses are frequently prepared for common purposes, 
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in another manner. The concave tool is fixed upon the lathe, 
and the glass heing held steadily in the hand, and sprinkled 
with emery, Lb applied to the tool during- its revolutions. For 
concave glasses, the convex tool is fitted to the lathe, md the 
glass is in like manner presented to it ; but this method, although 
easier .and more expeditious, is greatly inferior in its result to 
hand-grinding, and cannot be resorted to when any; thing like 
perfectness in the intended instrument is desired. 

The same brass tool which is used for grinding, serves also 
fyr polishing lenses ; but before it is thus employed, a smooth 
thick piece of felt must be stretched over and cemented to it, 
and the outer surface being then covered with washed putty 
powder, which is a combination of the oxides of tin and lead, 
the tool is worked upon the lens with the same motions as are 
^employed in grinding it The consistency of the powder is a 
point requiring attention ; for if it be too moist, it will cause 
thfe fibres of the felt to rise up and polish, not only the surface, 
properly speaking, but likewise the innumerable hollows, which, 
notwithstanding all appearances to the contrary, are actually 
left in the surface &om the grinding. If the lens be subjected 
to examination in a microscope, fliis effect will be rendered 
fully apparent The evil consequence resulting fi-om this de- 
lect is, thatthe cavities being polished, admit the rays of light, 
and disperse, instead of collecting them, as would be the case 
if the snr&ce were uniform. When this fiiult exists in a de- 
fgiee so exaggerated as to be visible to the naked eye, the lens 
IS said to be curdled. 

An' excellent method has lately been adopted by an eminent 
optician in London, whereby this defect is avoided. Bees' 
wax is hardened to a proper aegree by admixture with dry red 
sulphate of iron, which has previously been carefully waslied ; 
and instead of the covering of fe]t, this compound is melted 
over the brass tool. When cold, the cas^ thus formed is suf^ 
ficiently hardened to be turned to the required curvature, and 
the tool, when this has been done, is in a ^t state for use. 

The peculiar advantage of this compound, as a polishing 
sabstance, consists in its perfect uniformity ; besides which, it 
has this further recommendation, tliat if any hard particles 
should accidentally insinuate themselves between the tool and 
the lens, and which in other circumstances would scratch the 
glass, the wax is sufficiently yielding to allow them to buiy 
themselves in its substance, so that all injury of this kind is 
avoided. 

Lenses which have been thus treated, will bear examination 
with a microscope, their polish appearing uniformly clear and 
defined. 
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Convex lenses in their sim{de state have been used fer col- 
lecting the heating rays of the son, or for forming what ar^ 
called burning-glasses. ' One of the largest lenses ever applied 
to this purpose was made c^ flint glass by Mr. Parker. The 
diameter of this ^lass was 3 feet ; its focal distance -was 45 
inches ; and the circular spot ^f light which it cast at the focal 
point was 1 inch in diameter. Still &rther, and as much as 
possible to condense the rays, Mr. Parker employed a smaller 
lens, 13 inches in diameter, in conjunction with the larger one, 
and by means of this the heating rays were concentrated at 
the focal point to f of an inch. The effects produced by tbis 
arrangement were surprising: 20 grains of pure gcAd were 
fused in 4 seconds ; the same e^ct was produced cm 10 grains 
of platina in 3 seconds ; and a diamond, whose weight was 16 
grains, was found to have lost 4 grains after having teen placed 
within the focus during 80 minutes. 

This lens, which cost 7002., has since passed into the 
sion of the emperor of China. 
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ON THE PRINCIPAL DEFECTS OBSERVABLE IN GLASS. 

Strite— Render Glass anfit for Optical Purposes.— Threads — Render Glan 
fragile.— Cause of this.— Tears— One of the greatest Defects. — ^Render 
Glass useless. — ^Knots. — Bubbles. — Whence they proceed. — ^Oo not mMi 
affect the Q,nality of Glass. — Objects to be attained for avoiding these De* 
feels. — M. Guinand. — His humble Origin. — Energy of Cbaracter.-«Exam- 
ines Telescopes, and constructs others. — Unable to procure Glass of good 
Quality. — Is incited to examine into the Causes of Inferiority. — His ex- 
traordinary Perseverance amidst Accidents and Difficulties. — His ultimate 
Success.— Accident leading to further Improvement. — Prosecutes lijs. art 
in Bavaria.— Returns to Switzerland, and further pursues his favorite Ob- 
ject.— Dies. — Frauenhofer.— Rises from Obscurity by his Tttlents.— His 
Scientific Acquirements. — Produces Specimens of perfect GlasB.— INea at 
an early Age. — Respect paid to his Memory. 

The principal defects observable in manufiictured glass, are 
stricB^ threads, tears, and knots. These, when they occur to 
any extent, all impair its beauty, and ^me of them injure its 
actual quality. Although it is not difficult to attain such an 
amount of proficiency in the manufiicture as will preserve the 
materials from these evils in their extreme degree,' yet, alto- 
gether to avoid their occurrence, and to obtain glass ot a per- 
fect quality, is a task that long, and with only doubtful success, 
has engaged the thoughts and labors of men devoted to scien- 
tific piu'suits. The difiiculties that attend the attainment of 
this object are sufficiently proved by the fact that, during ten 
years, one of the most considerable and most scientific opticians 
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in Londcm Ihui been disappointed in his eflbrts to procure a disc 
of flint i^aaa only five inclies in diameter, sufficiently fitted, by 
the absence of defects, to be employed in the construction of a 
telescope. • 

Stris*are undulatin? appearances, perfectly vitrified, and 
equally transparent with any other part of the glass : they do 
not occasioo any roughness or inequality in the surface, but re- 
8ult fix>n/ a want of congruity in the composition of the parti- 
cles which make up the substance : in other words, the struc- 
ture is not perfectly homogeneous ; and although each different 
portion may be altogether good in itself, and the whole mass, 
if made up of any one of these portions, would be equally per- 
fect in itself yet, the whole acting without any uniformity, the 
rays of light in passing through them are bent or refracted 
difierently, and the objects beyond appear distorted. 

This condition must exist to a considerable extent to be easi- 
ly discernible by the naked eye, or detrimental to the quality 
of the glass, when applied to the more ordinary purposes of 
use or ornament; but glass striated in a scarcely perceptible 
degree, is yet wholly inapplicable to the construction of optical 
instruments, where the objects they are intended to present to 
the eye will be many times magnified ; and where, consequent- 
ly, every defect or distortion that accompanies their transmis- 
sion through the glass will be equally enlar^^. The end pro- 
posed in the employment of these philosophical instruments, is 
the minutely accurate examination of distant or very diminu- 
tive objects ; and this purpose it is evident must be completely 
irustrated, by the defect here described. 

The name of threacfs is usually given to fibrous appearances 
in the body of the glaas, which result from the vitrification of 
clay. Tiieir color is greener than that of the rest of the glass. 
Threads^ if existing m groat numbers, render the materid ex- 
tremely^ firagile ; and the same efi^ect is produced, if, although 
fewer in number, the threads are individually larger. The 
cause of this increased brittleness is, that the dilation and con- 
traction, at different temperatures, of glttss, which results from 
the fusion of clasr, differ from those of glass made with silice- 
ous sand ; fisr which reason, each in turn exerts a hurtful influ- 
ence upon the other. 

Tears are, perhaps, the greatest defect that can be found in 
^lass. They are in fact an exaggeration of the imperfection 
last described, and usually proce^ from the fusion and vitrifi- 
cation of portions of the clay that fonns the arch of the fur- 
nace, and which are suffered to drop into the pots, and to float 
in the glass while in its state of fusion. Wherever these tears 
exist, the material is brittle in a verv high degree, so as fre- 
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quently to crack, without any apparent cause, by the mere e& 
feet or the unequal expansion just described, which accident is 
more likely to occur in ];^portion as the drops are nearer to 
the surface. Tlys defect is one of so serious a nature, that it 
is usual, on discovering its existence, at once to throw aside 
the glass as useless^ In places where, as is frequently the case 
in England, covered crucibles lure employed, this itccident is in 
a great degree avoided. 

Three kinds of knots are observable in glass; one of these 
arises from the aggregation of several imperfectly vitrified 
grains of sand. Mother is owing to some porticos of glass 
gall not having been removed during the refining; and the 
third kind is produced by any small parts of the crucible or of 
the furpace which, having been abraided by the rubbincr of the 
tools or other accidental circumstance, have fidlen into the 
glass. 

Small bubbles are frequently seen abundantly spread through- 
out the substance of the glass. These indicate an imperfect 
degree of refining, and proceed fix)m the disengagement of 
gas which occurs during the process of vitrification. Their 
presence announces that the glass has not been sufficiently fluid 
m the course of its refining to allow of their dif^rsion. '. This 
may happen through one of two causes, either that a suflici^t 
amount of fluxing material has not been used with the sahd, 
or that the fire has not* been sufficiently intense fer the due 
liquefiiction of the compound. These bubbles are chiefly ob- 
jectionable on account of their unsightly appearance, and do 
not really deteriorate the quality of the glass even fbr optical 
purposes. In this case each bubble acts as a small convex lens, 
rapidly turning aside the rays which strike against it, and oc- 
casioning a diminution of light in proportion to its area. But 
when these bubbles are even numerous, the snm <^ their 
united areas will amount to only a smaU proportion at the 
whole surface of the glass; and the loss of light will be incon- 
siderable.* 

It thus appears that the principal object to be sought after in 
the manufacture of perfectly homogeneous glass is, to avoid 
those variations in the composition and specific gravity of its 
difierent parts, which occasion the striated appearance de- 
scribed above. To enter minutely, and at length, into a con- 
sideration of the means that have been proposed and adopted 
with a view to remedy this considerable evil, would present 
little that is amusing to the'^neral reader; while those per- 
sons who feel any particular mterest in the subject, or whose 
■ » ■ ' " -■ — — ^— — — ^— — — ^— — — — — — ^-^--^— — ^____« 
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taste fi>r scientific research leads them to admire the detail of 
well considered and ably conducted plans for the mastery of a 
difficult qperatioD, may gratify themselves by consulting Mr. 
Faraday's truly valuable paper already referred to, and whidi 
will be found comprised in the Philosophical Transactions for 
the year 1890. 

Some exceedingly favorable specimens of glass for optical 
purposes have lately been prepared by Mr. Green, the proprie- 
tor of the Stangate Glass-house ; a gentleman whose personal 
attcmtioQ has l^n unintermittingly given during many years 
to all the 'practical operations ani details of an extensive es- 
tablishment Mr. Green is for from asserting that in what has 
been accomplished he has arrived at any certainty in the solu- 
tion oi this difficult problem, and feels that at most he has 
liitherto made cmly an approach to it; while, however, it is 
such an ^iproach as justifies the hope, that, through continued 
thought fUid exertion, a still greater and more important de- 
gree oi perfection may be attained. 

The circumstances which attended the long-continued and 
laborious investigations on this subject of anther and a very 
extraordinary man, are, in themselves, so curious and interest- 
ing, and seem likely to be followed by such important conse- 
quences^ to at least one branch of the lurt, that a treatise on the 
manu&cfture of glass might be justly charged with incomplete- 
ness, if it did not fiimish at least a sketch of those circum- 
stances. 

The following account is condensed from a memoir, read at 
a sitting of the Socie|^ of Physics and Natural History of Ge- 
neva* on the 19th of February, 1823, as given in the nineteenth 
volume of the Quarterly Journal of Sci^ice, published in Lon- 
don in the year 1825. 

The late M. Guinand was bom in an inconsiderable villaga, 
among the mountains of Neufch&tel in Switzerland. His father 
was by trade a joiner, and must have been in very indifferent 
circumstances, as his son was called upon to assist him when 
only ten years old, and without having acquired more than a 
very imperfect knowledge of the first rudiments of leammg ; 
a deficiency which was never afterwards supplied, as M. Gui- 
nand always read with difficulty, and wrote very imperfectly. 
He must, even at this early period, have been a lad of consid- 
erable talent, and of a disposition that ur^^ed him to the exer- 
tion requisite for raising his condition m society. We find 
him, when between thirteen and fourteen years old, having 
q^nitted the employment of a joiner for that of a cabinet-maker, 
chiefly engaged in making cases for clocks. At this period he 
acquired from an acquaintance some knowledge of the art of 
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casting and working in metala, of which knowledge he after- 
wards availed himself by adopting, ^hen twenty years of age, 
the occupation of a watch-case maker, the manu&cture of 
watches ibrming a very considerable branch of industry in that 
part of the country. 

At the house of a person for whom he then worked, M. J. 
Droz, the constructor of several automaton figures, which forty 
years ago made the tour of Europe, young Goinand enjoyed 
an opportunity of seeing for the first time a very fine refitting 
telescope which had been made in England, and which at once 
appeared to him so curious and interesting an object, that he 
petitioned for and obtained leave to take it in pieces, the more 
minutely to examine its construction. The use made of this 
permission was soon rendered apparent by the production of a 
similar telescope ; and this, which he had constructed with his 
own hands, on being examined by many competent persons, 
was pronounced by them to be equal in excellence to that 
which had served him as a pattern. 

Surprised at this success, tlie gentleman to whose Jdndness 
he owed this opportunity questioned the artist as to his ac- 
quaintance with tlie science of optics, and in partictilar to what 
treatise he was indebted for his proficiency. The surprise of 
M. Droz was naturally increased on learning tliat the instru- 
nient had been produced without any knowledge whatever of 
the theory of optics, and with no more acquaintance witli the 
practice of the art than had been acquired through the exam- 
ination of tiie English instrument M. Droz immediately placed 
a,, treatise on the subject in the hands of the young man, which 
he ratlier deciphered than read ; but the substance of which 
was hnbibed by him so completely, that he was enabled, after 
witnessing tlie making of one pair of spectacles^ to form and 
pohsh lenses, and to make spectacles for himself and others, 
which were pronounced to be excellent His principal amose- 
ment at this time was fomid in manuiacturing telesoc^)es, which 
he ffot up at a cheap rate, forming tlie tubes of pastelxxurd. 

When the important discovery of achromatic glasses reached 
Switzerland, Guinand^s mind was very strongly excited by it ; 
nd M. Droz having obtained a telescope of* the new construc- 
ion, again permitted the young man to examine its various 
parts and structure. The very imperfect state of the arts at 
that time in Switzerland, and the deficient means of Guinand, 
prevented his achieving the construction of a similar instru- 
ment. He was unable to produce glasses of different refractive 
power; and it was not until several years after that an ac- 
quaintance, making a visit to England, conveyed to him a piece 
of flint glasF, with which, Hlthonorh it wns by no mf*ans void of 
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imperfections, being considerably striated, he succeeded in 
making some tolerably good achromatic glasses. Finding that- 
not only the glass which he had himself worked, but that every 
other specimen which he examined was thus imperfect, he was 
incited to a more particular scrutiny into the subject, and bring- 
ing into action all the knowledge he had acquired in the art of 
fusion, he melted in his furnace the fragments of his flint glass. 
All the satisfiiction derived from this experiment was the ac- 
quirement of some degree of knowledge as to the composition 
of flint glass, some particles of lead being revived in the jmetal- 
lic state during the process. Guinand was thirty-five years old 
at the time when this fresh incitement led to his seeking after 
such chemical knowledge as might assist him in experiments 
on vitrification, and his evenings* employment during six or 
seven years was to melt in his blast furnace a few pounds* 
weight of glass, carefully noting down every circumstance at- 
tending eadi experiment, that he might be enabled to continue 
such as afforded any prospect of advantage, and to avoid others 
which had a contrary tendency. 

These small experiments led to no decisive results ; and he 
was upwards of forty years old when, having undertaken a 
new and more profitable trade, that of making oells for repeat- 
ing-watches, he was enabled to devote more of his earnings to 
the pro8ecuti(xi of experiments, which he thenceforth under- 
took upon a scale more likely by their results to reward his 
perseverance. 

In tliis pursuit he v/ss still exposed to numerous accidents 
and difiiculties, which would have deterred most persons from 
continuing the research. His furnace, which he had con- 
structed with his own hands, out oi such materials as he could 
procure, and which was capable of melting at once 200 lbs. 
weight of glass, proved defective. He was Sien obliged to pro- 
cure materials for the purpose from abroad ; and having once 
moro completed its erection, and consumed much fuel in heat- 
ing it, had the mortification to find that it still reouired altera- 
tion. Then his crucibles,' which he was equally obliged to form 
with materials ill-qualified for the object, cracked during the 
process, and the vitreous matter was lost among the ashes of 
his furnace. Although durmg all this time his mmily arrange- 
ments were formed upon a plan of the most rigid economy, ne 
was compelled to employ an interval between each one of his 
experiments in earning at his regular employment sufiicient 
means for subsistence, and for providing the apparatus, mate- 
rials, and fuel needful for renewing them. 

All this time the pursuit had laid hold so completel}[ of his 
mind, that he was defnrived of his natural rest while considering 

R2 
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upon the causes of his varioiis failures, and endeavoriiig to rea- 
son out the means for their prevention. 

Having at length succeeded in obtaining a block of glass 
weighing about 200 pounds, and having sawn it into two veiti- 
.cal sections, he policed one of the mcea, in order, as fiur as 
possible, to examine the circumstances produced hy the ftudon. 

To account for the numerous and various defect exhilHted 
i>y this specimen, M. Guinand formed a theory which he made 
the groundwork of his future operaticms. A more intonate 
Jmowledge of those defects, and a convictioa thus attained of 
the great difficulties opposed to their removal, inste&d of damp- 
ing his ardor in the pursuit, served to infuse new energy into 
his mind. Nor was he mistaken in his estimate of the owtacles 
to be surmounted; '^so that," as he himself declared, **tbe 
sacrifices and exertions which he had previously made were 
trifling when compared with those which he afterwards under- 
went for the purpose of removing these various defects, and of 
rendering his glass homogeneous." 

The steps through which he pursued this. arduous under- 
taking, and the methods by which its success was aocoraplished, 
it is not possible to detail. . All that is publicly known upon the 
subject is, that he succeeded un discovermg a mode of proceed- 
ing which gave the almost certainty of producing in the fnsun 
of a pot containing from 200 to 400 pounds of glaas^ one half 
at least of its substance entirebr homogeneous, and therefore 
fitted for the construction of perrect optical instruments. With 
this result, satisfactory as it would have been to most men, 
Guinand expressed himself by no means' cantented, and con- 
tinued his researches, without, however, ever ajrriving much 
nearer to perfection in the art. 

He was now enabled to make for use discs of glase perfectly 
homogeneous, with a diameter of twelve inches; a great 
achievement, when compared with, what had been at any time 
accomplished by others. 

On one occasion the artist had succeeded, thiou^ much 
carefulness and exertion, in obtaining a^disc eighteen mohes in 
diameter, and of a quality perfectly satisfactory. This was al- 
ready finished and placed in the annealing oven to codi gradu- 
ally, when, through some unaccountable accident, w fire 
caught the roof oi his humble dwelling. With some trouble 
tibe fiames were extinguished ; but .the water used for this pur- 
pose had found its way into the ovenj and the precious deposit 
was destroyed. It is said that the discouragement caused by 
this accident prevented M. Guinand firom afbeiwards attempting 
any similarly extensive experiment He entertained no doab^ 
however, that, with means for operating on a larger scale than 
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he could accomplish, lenses of double or even triple the diame- 
t^er hero mentioned might be produced. 

For some time after he had thus far succeeded in his object, 
M. Guinand was accustomed to divide his blocks of glass l^ 
that wluch appeared the only fitting method, sawing them into 
sections perpendicular to their axis, polishing the sections, and 
then selecting such parts as were adapted to his purpose, re- 
turning the remaining portions to the crucible fin: future opera- 
tions. By this means ne had frequently the mortification of per- 
ceiving that the glass was divided, so as to {present a less ex« 
tended sur&ce of perfect material than the state of the block 
would, if previously known, have rendered possible ; and he 
was frequently able to procure discs of only small diameter, 
when, could he have been fully aware of the particular circum- 
stances of the glass throughout its substance, he mi^^ht, by cut- 
ting in another direction, nave obtained a more satisfactory re- 
sult 

This disadvantage was remedied in a wav apparently as un- 
toward as it was singular and unexpected. While his men 
were one day carryinff a block of glass cm a hand-barrow to a 
water saw-mill, which he had constructed at the fall of the 
river Doubs, a shcurt distance from his dwellmg, the mass acci- 
dently slipped, and, rolling to the bottom of a rocky declivity, 
was broken into several pieces. Endeavoring to make the best 
of this .seeming misfortune, such Augments of glass were se- 
lected for operation as appeared to he fitted by their homoge- 
neity for the purpose; and these were softened in circular 
moidds, in such % manner that they furnished discs of a very 
satis&ctorv quality. Further examination enabled Guinand to 
perceive that the fracture had in a great measure followed the 
variations of density in the glass ; and, pursuing the idea thus 
obtained, the artist thenceforth adhered to a method so singu- 
larly in the first instance forced upon him. 

After this, M. Guinand contrived a mode of cleaving the 
glaas while cooling, so Uiat the fracture accompanied tiie direc- 
tion of the more &ulty parts; by which course he firequently 
obtained masses of glass which were absolutely homogeneous, 
weighing from forty to fifty pounds. These masses, cleft again 
l^ means of wedges into pieces of convenient shape, were re- 
melted in moulds which gave them the form of discs; an ope- 
ration which differs essentially firom that used by other glass- 
makera 

Several years of his life were thus employed by this extraor- 
dinary man in making bells for repeating- watches, and con- 
structing achromatic telescopes with glass of his own prepar- 
ing. The retired qpot wherein he resided, offered only very 
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limited opportunities for acquiring a reputation in the world ; 
yet, by degrees, the superior value of his labors became appre- 
ciated, and he was visfted by such men <^ science as trai^uled 
into the neighborhood of his dwelling. By one of tfiese, a 
knowledge of his merits was conveyed to M. Frauenhofer, the 
chief of a celebrated manu&ctory for optical instruments, es- 
tablished at Benedictbeum in Bavaria. This gentleman having 
in consequence obtained some discs of fflass made by Guinanc^ 
found their quality so satisfactorv, that he repaired in person to 
Brenets, where the artist resided, and engaged him to settle in 
Bavaria. This wbs in 1805, when Guimmd was upwards of 
sixty years of age. He continued at Benedictbeum during nine 
years, occupied solely in the manufacture of glass, to the great 
increase of M. Frauenhofer's reputation. 

Being desirous, at the end of this time, to return to his native 
land, a pension was granted to him by the estaUiahment, on 
condition that he should no longer employ himself in making 
glass, nor disclose his process to any person whatever ; a con- 
dition, which did not long agree with the still active energies 
of his mind. Believing that by new experiments he could reise 
his discovery to & yet higher degree of improvement, he obtain- 
ed the consent of M. Frauenhofer to cancel their sehsiErtinff 
agreement; and relinquishing his pension, once again devc^d 
himself with ardor to his favorite pursuit 

M. Guinand lived for several years after this time (1816,) 
and produced several telescopes of ^reat magnitude, and re- 
markable for their excellence ; it being perhaps not the least 
extraordinary among the circumstances attending thetn, that, 
to use the words of the memoir, whence the foregoing account 
is drawn, " they have been constructed by a& old man upwards 
of seventy, who himself manufactures the flint and crown glass 
which he uses in their construction, after having made with his 
own hands the vitrifying furnace and his cruciUes ; who, with- 
out any mathematical Imowledge, devises a graphic metliod <^ 
ascertaining the proportions of the curves that must be given 
to the lenses, afterwards works and polishes them by means pe- 
culiar to hunself ; and lastly, constructs all the parts of the dif- 
ferent mountings, either with joints or on stiuids, melts and 
turns the plates, solders the tubes, prepares the wood, and com- 
pounds the varnish." 

Arrangements had been made by the Frefich government 
for purchasing his secret, when the artist, verging on his ei^- 
tieth year, died, after a i^ort illness. That secret did not, how- 
ever, die with him, but is possessed by his son, who continues 
to labor in the employment so singularly commenced, and so 
^ccessfully and energetically followed by his fiitiier. 
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. The name of Frauenhofer, which has been introduced in the 
foregoing narrative, is one intimately connected with inquiries 
in the art of nuking perfect glasa It would be wrong to leave 
the reader under an impression t^t the merit of this artist was 
limited to the single act of patronage extended towards Gui- 
uand, and which, ^though indicative of his discernment as a 
tradesman, would afibrd no reason for investing liim with an^ 
part of the extraordinary merit which truly &longed to his 
character. 

Like Guinand, his beginning in life was humble ; being in- 
debted solely to itxe powers of his own mind for the eminence 
.to which he attained. Having occupied the lowest station as an 
ordinary workman in a great manufacturing establishment, he, 
by the force of his transcendent talents, and in the course of a 
few years, raised himself to the chief direction of its business. 
During the intervals of labor he acquired a competent know- 
ledge of mathematical science ; and devoting himself to the per- 
fection of the refracting telescope, proved that he pq^ssed a 
truly philosophical and scientific mind. Having soon mastered 
the theoretical difficulties which presented themselves, he still, 
however, found all his labors unavailing, through the imperfec- 
tion of the material employed ; and set himself to remedy this 
evil, by a series of admirable experiments. 

It might be thought invidious to inquire in what degree his 
success in these was owing to the previous labors and assist- 
ance of Guinand, or how fer his discoveries were personal and 
original. Both produced and left behind them specimens of 
perfect glass in lajge pieces ; but the public has equally in 
either case to regret the want of knowledge as to the processes 
employed for the attainment of an object so desirable. 

Frauenhofer died in the year 1826, at an early age ; a victim, 
it is said, to unremitting attention bestowed upon an unhealtliy 
emplojrment Had his life been continued to the same length- 
enal period as was allotted to his fellow-laborer, what might 
not the world have expected Itora one, who so early had burst 
the chains of ignorance* and overcome the paralyzing difficul- 
ties of birth £uid adverse fortune ; taking his station during 
life among the genuine philosophers of Sie age, and falling, 
admired, and lamented, and eulogized by the most scientific 
societies of Europe ! 

The great value of ffint glass, from which all perceptible 
defects are absent^ maybe imagined from the sketch which 
has here been given co* the e^rts made for its production. 
Very high prices are, in &ct, paid for object glasses of a satis- 
factory quality, which are of any magnitude; while even small 
fragments of such glass are sought after by optidwiB with 
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freat tividity. A few years ikso the director of one oi the 
ondon glai^houses having made a pot of flint glass ibr c^cal 
purposes, sold tliis, in the regular course of his business, to a 
commission merchant, who transmitted it to his correspondent 
on the Continent Some months having elapsed thereafter, 
during which time its possessor had ascertained the true value 
of his purchase, the manufacturer was surjurised at receiving 
numerous inquiries on the subject of this lump of glass, on the 
part of several English opticians. These were anxious to pro- 
cure portions of a inaterial, the fame of which had reached 
them from abroad. Upon this, the maker instituted a search, 
and having succeeded in identifying some fragments, as having 
formed part of the same melting, was enabled to procure very 
considerable prices fer that upon which he had previously set 
little or no value, and which had been preserved only through 
accident 

On a yet more recent occasion, information having reached 
London that a large and superior object glass was on sale in 
the metropolis of a neighboring kingdom, one of our most cele- 
brated astronomers hastened across the channel, and while 
others were chaffering with its possessor about the price, our 
countryman stept in, and paying at once the full amount de- 
manded, brought off the prize, to the gfeat mortification of lus 
competitors. 



CHAP. xn. 

ON THE SPECIFIC GRAVITT OF GLABS. 

looportance of tbis duality .—Experiments of Loysel.— His ReasoniDnand 
Formu Is.— Specific weight augmented by Lime. — ^Mixed Gla88e8.-?nieir 
Specific weigtit. — ^Method of Determining thia.— Influence ofTemperatuie 
on the Specific weight of Glass. # 

The specific gravity of glass is a quality of considerable im- 
portance, when the materia is required fi>r conversion into the 
object-glasses of achromatic telescopes, or fi>r the composition 
of counterfeit gems, although any very minute attention to tiiis 
point is not considered essential in conducting the commoner 
processes of the glass-house. 

Loysel, to whose justly esteemed work on the art of glass- 
making allusion has been so firequently made in Jthese pages^ 
went mrough a series of experiments upon the specific gravi- 
ties of various vitreous bodies, with the view of giving sach 
mstructions for the composition of the nicer qusdities cr glass, 
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as should absolve mana&ctuFers fiom the necessity of making 
those preliminary trials upon every occasicxi, which are attend^ 
by much inconvenient delay in the prosecution of extensive 
operations. 

Adopting the practical aim of this French auth(»r, some of 
his ingenious formulee will be here given, together with a state- 
ment of the premises whereupon they were founded. 

The specific gravity of water being expressed by the num- 
ber 1(X^ that ca sand is 263 ; while soda deprived of all car- 
bonic acid by fusion in the furnace of a glass-house, is of the 
specific weight 199, and the same subSance, when brought 
again by coding to a concrete state, is not heavier than iiSL 
It might, therefore, be supposed that the specific weight of 
fflai^ considered as a compound of sand and alkali, would be 
diminished in proportion as its dose of silica was lessened and 
that of its alkali was augmented. The contrary of this &ct 
results, however, firom the combination oi these two substances 
throo£fh the agency of fire. * 

** ^md," says M. Loysel, ^ contains, in addition to silica, 
some other substance, the nature of which has not been investi- 
gated, and which is sensibly disengaged from the silica by the 
alkali, in the form of an elastic fiuid, in the act of their ccxm- 
binfttum to form glass. 

" We are ignorant of the degree wherein caloric adheres 
more or less &ongly to one or other of these substances ; in. 
other words, their capacity for heat is not known ; but, in 
order to avoid errors, it will suffice, that we know the results 
of several similar combinations. If we ascertain carefully the 
doses of silica and alkali, which compose glasses formed of 
these substances at difierent degrees of heat, together with 
their various specific gravities, we perceive that the dififerenoes 
between their doses of alkali are obviously proportional to the 
differences of their weight& Knowing then how far these 
proportions vary in respect of two descriptions of glass, we 
have it in our power to compute, with respect to a third com- 
position, either its quantity of alkali fix>m its specific gravity, 
or, on the other hand, its weight from its dose of alkali" 

From actual experiments made on different glasses, the fol- 
lowing results have been obtained, the weight of water being 
expressed by 100 : — 

Glass, No. 1. contained 80 parts silica, SO parts alkali, its specific gravity 236 
No. 3 54 — silica, 46 — alkali, its specific gravity 354 

DifiTerence - - • - 38 18 

If it be th^i required to know what propcnrtions of the same 
materials must be used for the production of another glass. 
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No. Su, the ^[tecific gravity of which will bo 242, the solution 
of the question may be found by the following fbrmulse :— rAs 
the difference between the specific weights of the compounds 1. 
and 2., which is 18, is to the difference between the weights 
of 1. and 3., which is 6 : so is the difference between the doses 
of alkali employed in Nos. 1. and 2., which is 2^ to the differ- 
ence between the doses of Nos. 1. and 3., and which di^rence 
is thus found to be 9. ^ding then this number to that whic(i 
represents the alkali of No. 1., we may conclude that the oflass 
of Na 3. must contain 29 parts of alkali and 71 parts of silica. 
It has been ]m)vod by experiment that glass of the specific 
gnvity proposed, 242, is composed by the union of 70 (^ silica 
with ^ of alkali 

When a manu&ctarer has thus two well-establiebed results 
to serve as general means of comparison, the simple ascertain- 
ment of specific gravities will suffice for determining if any 
variation has taken place in the manufacture, as weu as for 
discovering, and in general remedying, its cause. 

If ainr lime enters into its composition, as is the case with 
^lass of common quality, its weight is rapidly augmented, and 
It is therefore useful to determine, from time to time, the 
weight of the glass produced, comparing it with that of some 
other sample which is known to have been well and carefully 
made. If it is seen that tlie weight increases, it may be con- 
cluded, either that a larger proportion than usual of lime is 
present, or that the fire has not been sufficienty urged, and that 
too large a proportion of alkali has been allowed to remain in 
combination with the glass. 

The rule already stated is said by M. Loysel to apply with 
equal certainty to the heavy glasses composed of silica and 
oxide of lead, the differences between the weights of various 
specimens of flint-glass being also proportional to the difl^- 
ences in their quantities of metallic oxide : — . 

Glass, No. 1. composed of 27 sand 73 minium, has a specifle gravity of SSO 
No. 2. 11—89 657 

Diflbrence 16 137 

From these data, the specific gravity of another composition. 
No. 3. — ^made up of 20 parts sand and 80 parts minium, may 
thus be ascertained :— As the dif^rence between the quantities 
of minium contained in Nos. 1. and 2 is to the difference be- 
tween the proportional quantities of minium in Nos. 1. and 3. ; 
80 is the difference between the weights of 1. and 2. to the 
difference between the specific gravities of 1. and ?., and which 
is thus found to amount to 59 ; which number, the quantity ot 
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oxide being mater in No. 3., must be added to 520, the weight 
of No. 1., and we thus have 579 as the weight of the proposed 
composition. 

In forming flint glass, it is proper, in addition to the sand 
and minium above supposed, to employ alkaline substances ; 
jtnd it is desirable that the manufacturer should have it in his 
power to predict, within a trifling amount, the specific weight 
of every compound that he miy determine to employ. The 
means to be employed by him fi)r the attainment' of this end 
are founded on the following considerations : — 

The manu&cture of flint glass requires the employment of a 
lower degree of heat than is necessary for the formation of 
other descriptions, which do not contain an equal abundance 
of fluxing materials for vitrifying the sand. The temperature 
of-- the furnace is commonly such, that if glass be made in it 
composed of silica and alkali in such proportions that the one 
will saturate the other, it will usually contain about 75 parts 
of silica, and 25 parts of alkali ; and this glass will have a spe- 
cific gravity of about 24. The same means of heating being 
employed, 73 parts of minium will be saturated by 27 parts of 
sand, producing glass the specific weight of which is 52. In 
practice, it is, however, probable, that 75 parts of minium will 
combine with 25 of sand, and the result will have the specific 
gravity of 64. 

On the other hand, if two glasses of different character, one 
of which is composed of silica and alkali, and the other of silica 
and lead, are melted together, the specific gravity of each being 
known, the weight of the compound resulting from their union 
will depart in only a very trifling degree from that which 
would be given by calculation, according to tile usual rules for 
determining the specific gravities of alloys. The same result 
will equally ensue, if; instead of thus previously forming two 
difierent'kinds of glass, the materials of which they should be 
composed are themselves brought together for the purpose of 
their original vitrification. 

If, then, we consider the sand of the composition as divided 
into two portions, one of which must necessarily combine with 
the minium for its vitrification, while the other is required for 
the saturation of tlie alkali — the surplus quantity, if any, of the 
latter constituent being dissipated by heat during the process 
of vitrification, the calculation necessary for determining the 
weight of the compound will proceed according to the follow- 
ing example: — 

Let it be supposed that the manufacturer wishes to form flint 
glass by the union of 100 parts of sand, 50 parts of minium, 
and 40 of potash. Tliese materials might be divided into the 

S 
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following proportions for producing two very different descrip- 
tions of glass : — ^Thus, the 50 pc^ of minium, which would 
be reduc^ in the process of vitrification to 48 parts, would be 
completely vitrified by the addition of 16 parts df sand ; tlie ab- 
solute weight of glass thus formed would be 64, and its specific 
weight (that of water bein^ 10) would, as before stated, be 54.^ 
The quantity of sand remaming (84 parts) might be combined 
with the whole of the potash ; but as, in the process of vitrifi- 
cation, all the surplus quantity of the alkali would be dissi- 
pated, glass would be formed containing 84 parts of sand and 2S 
of potaish, having 112 as its absolute, ana 24 as its specific 
weight If^ then, the whole materials are placed together in 
the crucible for their original vitrification, we shall have, afler 
the reduction of the minium by 2 parts, and the dissipation by 
heat of 12 parts of potash, a glass, the absolute weight d 
which is 176, and whereof we desire to know the specific 
gravity. For ascertaining this, the specific weights of tn^ two 
kinds of glass that might be separately formed, must be multi- 
plied into each other, and their sum agam multiplied by the ab- 
solute weight of both, in order to find a dividend. Proceeding, 
then, with the absolute weights of the two descripticMis of 
glass which might be formed, and multiplying each separately 
by the specific weight of tlie other, adding the two products 
together, another sum will be obtained, by employing which as 
a divisor, the quotient will be equal to the specific gravity of 
the compound. 

Thus, in the above example, the specific weights, 54 and 24, 
of the two descriptions, being multiplied into each other, and 
their sum multiplied by 176, the absolute weight of both, a 
product will be obtained of ^8,096 for the dividend. Multi- 
plying, then, 64, the absolute weight of one glass, by 24, the 
specific weight of the other; and again, 112, the absolute 
weight of the remaining glass, by the remaining specific weight 
54, we have two sums, 1536 and 6048, which, added together, 
and employed as a divisor, gives, as its quotient, a very minute 
fraction over 30, which is known to be the specific gravity of 
glass composed of sand, minium, and potash, m the proportions 
first stated. 

With respect to heavy glasses, results are obtained by calcu- 
lation, which are rather greater than the reality; a circum- 
stance for which it is not difficult to account The great abun- 
dance of oxide of lead used in their composition, attacks the 
body of the crucible, so as partially to dissolve it ; and being 
thus provided with a somewhat larger proportion of the lighter 
material, the weight of the compound will be necessarily and 
proportionally diminished. This difference between the 'com- 



CHAP. xif. SPECIFIC oRAvrrr of glass. 207 

puted and the real weights will, of course, be greater, according 
as the proportion of minium is augmented ; its action upon the 
crucible being, by such means, rendered more destructive. 

Notwithstanding the degree of uncertainty thus occasioned, 
it must still be useful to know how, by a very simple calcula- 
tion, to make a near approximation to the truth, and thus, as 
already said, to avoid the necessity of conducting long and un- 
certain preliminary experimenta 

The specific gravitv of glass is influenced by the degree of 
heat to which it has been exposed during its vitrification ; be- 
ing always least when the temperature h^ been greatest The 
cause of this vatiation is to be found in the different quantities 
of alkali that' have been dissipated, the silica appearing to de- 
part from the completeness of its aggregation, m proportion as 
it is deprived of alkali.* 

Flint glass is not entitled to any drawback upon its exports^ 
tioQ, unless its specific gravity be at least three times that of 
water. The duty drawn back on the shipment of flint glass is 
considerahly greater than the rate origiimlly paid on other de- 
scripticHis; and but far the resort whidi is bad to its gravity bb 
a test, those other descriptions might' in many cases be subeti- 
tnted, and a considerable profit be thereby fraudulently obtain- 
ed by the exporter at the expense of the revenue. 

* Tbe rnttt for ascertalnioj^ tbe mean spedfic gravity of diflferent bodies 
abnold never be relied on until verified by experiment Tbe condensation of 
volume whicb some substances undergo when brought into combination 
with otherft, is soeh as to render all calculations concerning them, under 
sHieh oireumstances, vague and erroneous. JPtom the experiments of M. 
I^ayscl it would appear, hoi^ever, that except in the case which he has no- 
ticed, that of employing different degrees of heat, tbis condensation does not 
occur with- the varions compositions of which glass is formed, and recourse 
may therefore be had to the formula usually employed for ascertaining mean 
specific i^ravities, when we desire to determine those of different vitreous 
combinations. The rule is as follows : 

Tbe specific gravity of one body is to that of another, as the weight of 
the first divided by its volume is to the weight of the second divided by its 
volume; and the mean specific gravity of the two is found by dividing the 
aam of the weights by the sum of tbe volumes. 

Let W, K^, be the two weights; V, e, the two volumes ; P, p, the two spe- 
cific gravities ; and M, the calculated mean specific gravity. 

W-fw W w Wp-fwP 

Then, M = ; andV-f c= —4 -= ; hence 

V + c T p Tp 

\V_|.to W-fto (W+w)Pp 

V-f« Wp-|-«oP~" Pw-fpW 
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tiMr9 mKr MTe nMntioBed tse eiifeiFanr of < 
•^^ f^VMMi tJ^ fibct of its beiiiff tiBsed 
iA JTAJtktion of genvL Stnio, 
i»«;ntjnn of tfaii iMe, as bein? ooe to 
^' «rtJi<U in verr carij tunes. 

' The Util htfui dready been menrkped of oalared figaieB bar- 
ifijf U^en fiwiid with Eejpdmn mniDBiies. and wiiieii ue» time- 
i^/T'r, known to bare been in exisCence for mmwb of 9000 
ytArn. These curioiw relics of ancient times have ako been 
ti'mctfS'firtui decorated with colored glass beads; and a momiiiy 
thii«f ffriwtnented is to be seen in t& British Mosemn. 

lu tlie re'if^ of Auirostus, the Romans began the use of co> 
iffffni ^\nm in the composition of mosaic decoratioos. Sereral 
n\H'VAu\*!:Mn of tliis kind have been found at a late period, among 
ihn mins of a villa built by Tiberius in the ishnd of Capri; 
ami w;mc of these specimens having been suhiected to analysis 
hv tlin nccurote ana ingenious Elaproth, it is known that in 
tfiit rmrly tirn« recourse was had to the same chsB of coloring 
iii<:;rn(ii(;ntM (is is employed by the modems. Some difiference 
iiiiiHt, in(h?0(l, have been observed in their processes, as the an- 
t'.m\\n wnr(} unacquainted with the use of the mineral acids, 
wliirh nrn now found to be so convenient in the preparation of 
nictallif. oxides. 

KInproth hns given the followinj^ as the result qI[ his ezami- 
nntion of minn of the Roman specimens above mentioned : — 

( )\\\y which was a lively copper red, opaque, and very bright 
wh«'rn r«H*oiitly fractured, contained, in 200 grains, — 
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SUex 142 

Qzide of lead 28 

cq>per 15 

iron 2 

Almniiie 5 

Lbne '. 8 

195 

AnoCher, a light verdigris green, also opaque, with a splendent 
firactore and sooriaceoos, contained in a similar qnanti^^ — 

Silex 130 

Oxide of copper 20 

lead 15 

iron . . . .^. 7 

Lime T 13 

Alumine 11. 

196 



X 



It is remarkable that the constituent ingredients of both these 
specimens should prove to be the same. The difference be- 
tween them exists only in their relative proportions ; and the 
colors depend upon the different de^ees or oxidation of the 
copper. Sub-oxide of copper, — that is, cm>per which has com« 
bined with itself only half the quantity ofoxygen required far 
&e production of the perfect oxide — ^produces a red enamel ; 
while that which has received its full proportion of oxygen 
yields a green enamel color. 

The specimen of ancient blue glass which was analyzed by 
Ela{nroth contained, — 

Silex 163 parta 

» Oxide of iron 19 

copper 1' 

Alumine 8 

lime J 0} 

186| 

It appears, therefore, to have been indebted to the oxide of iron 
for its blue color, as no trace was detected of any other ingre- 
dient to which this could be referred. Since the discovery of 
the certain and commodious method of producing blue enamel 
by means of cobalt, the art of obtaining this color from iron has 
been lost 

S2 



• 
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The causes which influence the employment of metallic ox- 
ides for the emhellishment of porcelain have been sufficiently 
detailed in the preceding, treatisa * The same reasons also 
oblige the artist .to have recourse . te tbe same class of sub- 
stances for imparting colors to. glass. The mode dS application 
of coloring materials to. these twobranches.ofmaiiafacture dif- 
fers, however, in this, — ^that while, in ornamenting porcelain, 
they are applied superficially, in the manner of pigments, they 
enter more intimately into the composition of ^lass, being 
trans^Med thkotigh tiie whole mass, and equally incorporated 
with- its entire .sttbstaoce. ^ 

The preparation of metallic oxides as coloring materials is 
nearly smiilar in all cases; it will not, therefiire^^ necessary 
here to repeat directions, or to give many explanations upon 
that head. 

Gold, in a «tate of great dirision and oxidated, has long been 
celebrated as a means for imparting to glass, p, roost exquisite 
purple-red color resembling^ the ruby, ana nearly equalling that 
gem in the riclmess of its hue. It is not by any means easy to 
prepare glass of this color with any certainty of a succe^ul 
result The great tendency which is shown by gold to assume 
the regnline state, when exposed to excessive neat, to carbona- 
ceous vapors, or to the action of hydrogeti, renders necessary k 
great degree of careful management in the various processes. 

The manner has already been given of preparing the purple 
precipitate of Cassius ; liie form wherein gold has been used 
with so much celebrity in imparting red and purple colors. It 
has been very generally imagined, that the tin used in the pre- 
paration of this precipitate is essential to jthe prodnction of the 
requisite color; an opinion which has beed shown to be void of 
fiumdation, as preparations of gold have been m^e wiliiont the 
agency of tin, and which have equally possessed the power of 
imparting the finest purple color to glass. The coloring proper- 
ty of any of the simple oxides of gcW is feuad' lobe mate» 
rially greater than that of Cassius*s precipitate; which circum- 
stance has besn brought forward as another'atffcniient to prove 
that the presence, of tin is far from .adding^ anything to the 
body of the ^j^ch*. It is probable, however, that, although not 
• indispensable^ tin is yet useful, as enabling the gold to bear 
without reduction a higher degree and a longer continuance of 
heat. With this same object, it has been reocNnmended to add 
to"^ precipitate, before uding it, a small quantityof nitre, by 
\^ich the gold will be preserved at its due degree of oxidation. 

It is not essential that gold used for this piepamtion should 
be absolutely pure or unalbyed; einceneith^ copper nor sil- 
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ver, when present in small qoantities, appeals to alter or di- 
minish its coloring power. 

Fulminating gold, prepared bj precipitating the metal from 
its nitro-muriatic solation by meana of ammonia, is also used in 
coloring glass; but as this prepanlkn would explode violently 
when exposed to a heat even very much below that to which 
It must be subjected in use, this explosive property must be 
previously removed by mixing it with a fix^ alkali, and re- 
taining it fat some time at a compars^vely low temperature. 
A more manageable preparation rosults from the precipitation 
of the nitro-muriate of gold by means of carbonate of potash. 
This- is not fulminating, as it is from the presence of ammonia 
that the explosive property is derived. 

A very ingenious process has been used fi)r producing an in- 
timate union between the oxide of gold and silex. This con- 
sists of adding to the sdluticm of the metal in nitro-muriatic 
acid, a proportion of silica dissolved in an alkaline lixivium, 
and pouring therein any acid in sufficient quantity to saturate 
the alkalL In this case, the silex and gold are precipitated in 
very intimate combination; and if then washed with clear 
water, dried, and mixed with nitre, borax, or any other suitable 
fluxing substance, will be fit for use as a colcving material. 

When the precipitate of Gassius is employed, about one 
sixth part of its weight is added of perfect white oxide of anti- 
mony. This, firom imparting a yellowish tinge, is considered 
to be an important ingredient in fine ruby-colored glass. - 

. The proper management of the heat employed in the pro- 
ducti(xi of this much-achnired preparation is a difficult acquire- 
ment, known only to clever and experienced artists. If the 
temperature be allowed to rise too high, the color will be much 
injured, and probably even alt(^ether destroyed. The contact 
or every kind of smoke and vapor i^ould also be carefully 
avoided in the fiision of ruli^-colored glass, which is said to be - 
apparently colorless when it leaves me crucible, and only to 
put on its exquisite tint as it becomes cooL ' ^ 

Kunckel and other old writers upon the art of manu&cturing 
glass have stated, that the coloripg powers of the purple pre- 
cipitate of Cassius are so considerate, as that one part, if added 
to one thousand parts of glass, will impart to the whole a full 
. and rich body of color. 

The artist just mentioned, who was greatly celebrated for 
his attainments in this ornamental branch of the art, was in 
consequence ennobled by Charles XL king of Sweden, and as- 
sumed the name of Lowenstiern. He nnde artificial rubies, ^ 
which were highly esteemed, and which he sold, in the man- 
ner of real gems, according to their wei^t, and at very consid- 
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efuble priceB. Tbit »dueveiiieiil vpoa which he most prided 
himself^ was the production of a cup of ruby glass, which was 
of the thickness ofaii'inchy and weighed twenty-four, pounds : 
thia cup went into theipaBflBSBioirnf t£o electa oif Cologne. 

Kunckel directed, in 167S;4bB:opeiiition9of the ^ass-hooses 
at Potsdam, wh^re he met with the greatest encouragement, 
and was liberally assisted in his researches by the elector of 
Brandenburg, wdo expended the sum of 1600 ducats to assist 
the eflbrts at the artist towards attaining periectian in the art 
of making ruby glasa A cup^ with a cover of this material, 
which wa$ made by him, and is istifl in existence at Beilin, 
continues to be an object of mncii admiratioiL 

Silver, in all its forms of oxidatien, imparts a very pure and 
beautifiil yellow color to vitreous bbdies ; but this c^or is easi- 
ly destroyed, through the accidental employment of too high a 
degree m heat; an evil against the occurrence of which it is so 
exceedingly difficult to provide, that alver is very seldom re- 
sorted to as a coloring material b^ glass-worfceni. The incon- 
venience here mentioned may in some d^pree be avoided 
when oxides of silver are used m combination with alumine, as 
in the ornamenting of porcelain; but this remedy is manifestly 
inapplicable to ghtss. Other bodies can, however, be used with 
the best efifect in imparting a yellow odor to this substance. 

Oxide of lead emjdoyedaloiie, if in very considerable quanti- 
ty, would give a very good yellow odor; but as it would re- 
quire that at least three fourths of the weight of the glass 
should be made up of this axide,^ in order to give sufficient in- 
tensity to the coIot, it is very seldom uaed for the purpose. 
Glass tHus formed would be inconveniently soft, and from its 
powerful fluxmg quality would act injuriously upon the cruci- 
bles in which it was made. 

Chromate of lead, which is not liable to the objections just 
mentioned, is on that account used preferably. Berore the com- 
paratively recent disooveriesnn chemical science had shown to 
artists in what manner to procure this valuable coloring ingre- 
dient with sumcient fiicilify and at a moderate cost, the makers ^ 
of colored glass employed the ^des of lead, silver, and anti- ' 
mony in combination, for the production of yellow cdors; vary- 
ing the proportions Wherein each subsitance was used according 
to the hue which it was desired to impart 

Colors varying in their shades from brown to a fine transpa- 
rent yellow may be given to common glass by simply adding to 
it, while in a state of perfect fusion, some vegetable carbonace- 
ous matter. This must always be supplied in excess, since 
part of it, rising to the top of the crucible, will be biKmt away ; 
but some portion will also continue uniformly diffiised through- 
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out the glass, aod, without at all impairiiiffits tianaparent qual- 
ity, will give to it a very fine yeliow. The substance which 
most cooimonly has been emi^oyed for this purpose is tartar ; 
but almost any solid and inflammable vegetable matter will 
probably answer equally well. Cliarcoal mi^e from beechwood 
IS found to be altogether efficacious. The addition of a small 
quantity of nitre is sometimes useful in clearing the color and 
renooving any cloudiness which it may have contracted ; but if 
great discretion be not shown in the addition of this substance, 
the color will be altogether destroyed. During the time of its 
preparation, the glass swells very nuich in the crucible, owing 
to the escape (^ part of the carbonaceous matter in the form of 
gas; and when tartar is employed, this etEoct is experienced in 
an exaggerated deprree. It is said that this effervescence might 
be avoided, if frewly burnt and perfectly dried charcoal were 
heated strcmgly in a close vessel, and added in that state to the 
contents of the crucible. 

The oxides oi iron give many and very different shades of 
enamel colors. It has already been mentioned, that the green 
color of common bottle>-g]ass is owing to the presence of iron 
in the unpurified searsand and ashes of which it is composed. 
An increased quantity of this oxide, if applied to glass when in 
a state of perfect vitrification, will give a yellow color to the 
mass. A still larger quantity will impart a brownish black hue, 
whichf however, appears to be nothing more than a yellow very 
highly concentrated, as the latter color may be again produced 
by simply diluting* the contents of the crucible with an addi- 
tional quantity of uncolored glass. 

The red color which is imparted by the oxides of iron to por- 
celain, is owinff to its state of imperfect vitrification^ whereby 
the metal is held suspended in a state of minute division 
throughout the mass, which same effect is indeed apparent in 
the treatment of glass up to a certain point; but when in the 
advancing stages of vitrification the heat is raised so that a per- 
fect fusion of the glassy substance as well as of the oxide is 
produced, the color is immediately converted to yellow. 
* The use of the black oxide of manganese in correcting the 
impurities of the alkali employed in the ori|(iiial composition of 
glass, as well as in removing the green tmge resulting from 
the presence of iron in the sand, faas already been ex|9ained. 
Where these imperf^tions do not exist in the original ingre- 
dients, if manganese be added to the glass, it will impart a pur- 
plii^ red color. This oxide also forms a principal constituent 
m the production of black glasses : it is most commonly used in 
combinalioQ with nitjre. If any portion of arsenical salts should 
bo present in tlie glase, it is altogether useless to attempt the 



214 GLJJBi MANUFAOrUllB^ €HAP. XHU 

eniploynient of manganese as a ooloring ingredient, since its 
efficacy would be wholly destroyed. 

All the simple as wdl as the carbonated oxides of copper, 
when perfecdy vitrified in conjunction with any kind of glass 
or fluxmg material, will yield a very fine green, and the chan- 
ces of complete success in the attainment of tiiis are greater 
than attend the production of most otlier colors. It appears to 
be nearly a matter of indifiference which of the c(»nlMiuitions of 
copper with oxyg^i are employed for the purpose. The pre- 
parations most usually chosen are either the carbonated oxide 
resulting Cmm the adaition of sulphate of copper to some car^ 
bonated alkali, or that which is known as the <8S vstum^ which 
is copper oxidated and calcined simply by means of heat and 
the access of air. 

Copper may be made to yield a carmine red color, and if mix- 
ed with iron, a fiill deep red, by adding to the glass with which 
it has already been combined a quantity of tartar. This addi- 
tion must not be made until the glass is in a state of perfect fii- 
sion, and the mixture should be worked ofif without delay. It 
should be mentioned that when used for the production of these 
colors, the oxide of copper must be reduced to nearly the regu- 
line state. If the heat is continued long after the tartar has 
been added, the effect will be lost, and the green color re- 
stored. 

Wh«a the oxides <^ coppier and iron are thus united for dc^ 
veloping a fuU deep red color, the iron must be to the copper 
in the proportion of three parts to one ; and according as this 
proportionate difiference is lessened, so will the color be found 
to approach to thie carmine tint 

The time for stirring in the tartar should be chosen when 
the melted glass appears of a &int greeniaAi yellow ; the whole 
nie^ will then immediately swell up }nx)dijgiously ; and upon 
again subsiding will appear, as before stattra^ of a clear red co- 
lor, and fit for being immediately used. It is probable that char- 
coal or other carbonaceous matters might be substituted for tar- 
tar in this process with equal success. 

Copper in a state of oxidation is often used whtfn CGvabmed 
with, die oxides of manganese and iron fov the production of 
black glass. 

The protoxide c^ chromium may be used tone producing a 
green color in glass, with as much advantage as attends its em- 
ployment in the embellishment of porcelain, that substance be- 
ing capable of sustaining without injury the highest heat ofthe 
crucible. Chrome is the natural cdorinfif matter of the precious 
emerald, and is found to be a very valuaMe substance in the 
composition of artificial gems. 
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Oxide of cobalt is uniTemlly employed finr the prodaction of 
blue colors in ritrifiaUe bodiea The fine deep shade which it 
imparts is unalterable by fire of any degree of intensity, and suc- 
ceeds equally well with every different composition of glass. 

This metallic oxide is also employed towards the composition 
of other colors: combined with the oxides of lead and antimony/ 
it furnishes a green ; and if mixed with those of manganese and 
iron, produces a very fine black. 

Neri, Kunckel, and-Eontanien have left in their writinn 
many recipes foe the pn^nration of artificial gems through the 
employment of different coloring materials. The directions, as 
given in the works of these authors, difi^ so importantly the one 
nom the other as regards the proportions best fitted for the 
composition of the same article, that we are forced to believe 
eithej^at some great errors have been committed on the part 
of theur subsequent editors, or that the writers themselves were 
wanting in the kind and degree of knowledge to which they 
pretended, and which were required to fit £em for the task 
they undertook. 

A few of these recipes, and such as appear most free from 
this (Ejection, may be here given. 

The basis of each of these compositions is most frequently, 
either one-of the colorless glasses or pastes described in Chap- 
ter Vn., or some other very similar vitreous compound ; but it 
sometimes, happens that the constituent materials of the glass, 
fuad the proportions wherein they are to be brought together, 
are indicated as weU as the colormg substance& 

The following is recommended by Neri, as furnishing a very 
excellent imitation oithe garnet: — ^Rock crystal 2 ounces, min- 
ium 6 ounces, manganese 16 grains, ssafire 2 grains. This must 
be a very inconvenient composition, both on account of the ex- 
ceeding softness of the glass, and the destructive effect it would 
have upon the crucible during the time of its preparation. We 
learn from the analysis of Berzelius, that the coloring matter 
of the *' precious garnet,** that being the variety which it is 
wi^ed thus to imitate, consists of the black oxide of iron and 
oxide of manganese. A more modem recipe than the fore- 
going for the successfbl imitation of this gem, consists of purest 
white glass 2 ounces, glass of antimony 1 ounce, Cassius's pre- 
cipitate 1 grain, oxide of manganese 1 grain ; whk;h composi- 
tion is free firom the objections to which that of Neri is so justly 
exposed. 

The directions of Fontanieu for imitating the color of the 
amethyst are, that to 24 ounces of the glass composed according 
to instructions given in Chap. VII. under the number 5, are to 
be added half an ounce of the oxide of manganese, 4 grains of 
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the purple precipitate of gold, and Ij^oiz. of nitre, but it is iin- 
possible to believe that the recipe of Fontanieu has been cor- 
rectly given. The quantity of coloring matter here indicated 
would be better propOTtioned to 24 poimds of glajBS, than to the 
same number of ounces as directed^ 

Many, and greatly varyuag instructions have been given for 
imitating the emerald. Fontanieu recommends 160 parts of 
any glass basis which contains a lar^ proportion of l<Sad, 4 parts 
of oxide of copper prepared by simple calcination, and ^tb of a 
part a£ any oxide of iron ; which last iagredient is added for 
the purpose of giving something like a richness of tint, and for 
correcting the coldness of hue that would result from the em- 
ployment of the oxide of copper alone. The presence of lead in 
the glass would also conduce to the same end. 

Another rule given from the same authority directs Hie use 
of 576 parts of glass, similarly constituted to that pointed out in 
the last receipt, 6 parts of the same oxide of copper, and only 
-l^th of a part of oxide of iron; thus difiering from the former 
compound, only as to the proportions wherein the coloring in- 
gredients are employ^. 

A third receipt for the attainment of the same object is very 
different from the two preceding. It reoonnnends the emp^y- 
ment of 200 parts of 5ne sand, 400 parts of minium, 8 of cal- 
cioed verdigris, and as much as 1 part of oxide of iron. A fourth 
method for'tlie composition of glass of an ememld green is, to 
mix, in due proportions, some blue glass colored by means 
of oxide of cobalt, with yellow glass prepared with oxide <^ an- 
timony. A great many other prescriptions are offered fyr the 
imitations of emeralds, but these vary more in the relative pro- 
portions of their ingredients than in the principle of their com- 
position ; and it cannot, therefore, be necessary to insert them 
here. 

The imitation of sapphires is always effected through the 
coloring agency of the oxides of cobalt and manganese. There 
is, however, a material diflference as regards me basis of the 
glass in the various directions which are foimd for the purpose; 
one recommending that this shall be composed without lead, 
and another directing that this mineral shall enter largely into 
the composition of the paste. To 100 parts of glass, of ^e first 
kind it is directed that 1 part of zaifre, and y^th of a part of ox- 
ide of manganese, shall be added. Where t£e second descrip- 
tion of paste is recommended as the basis, the artist is directed 
to prepare this by adding to 240 parts of glass firit made with 
only soda and silica, 192 parts of minium, 2 of zaffre, and ^ of 
a part of manganese. This compound must be fused togetlier. 
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poured into witer, and then remelted as directed by Fontanien, 
m the.ibrmation of the pastes described m Chapter VIT. 

The oocide ()f cobalt is, in the present day, a necessary ingre- 
<lxent in every imitation of the sapphire, so that it is never at- 
tempted to act without it We have seen, however, that a 
very fine blue glass was formerly made having the oxide of iron 
ftr its coloring ingredient, and as it is known that the coloring 
property of rod gems having that hue, resides m this metd 
when in some particular state of oxidation, we must own to 
having lost, in this respect^ one means of imitating nature which 
was Imown and exercised by our jxredecessors. 

The colored glasses comprised in the foregoing defcriptions^ 
are all translucent The preparation of others, which have the 
oppoiite qualitv of opacity, is effected either by means of applv* 
ing excessive doses of the same metallic oxides which, -in Email- 
er ouantities, are used for imparting colors; or by the addition 
to those oxides of some other substance which has the property 
of obstructing the rays of light in their passage through the 
glasa 

In general, the first method is used only for the production 
of black glass, while th'b second plan is pursued with all other 
descriptions, as well those which are designed to retain a per- 
manent white color, as with yellow, blue, green, or any other 
colored opaque glasses. 

The most approved method of preparing black glass, of good 
quality, which shall be of a full deep black and perfectly opaque, 
is hv mixing together equal parts of black oxide of manganese, 
zafire, and protoxide of iron; adding one part of this mixture to 
fifteen or twenty parts of colorless transparent glass, and fusing 
the whole together. 

Some large and beautiful slabs of perfectly black glass have' 
lately been imported into London from St Petersburerh, and ap- 
pear well fitted to be used as substitutes fer jnarble in the con- 
struction of certain articles of household furniture. 

White opaque glass, which has this quality imparted to it by 
means of the oxide of tin, is called enamel ; and it is this sub- 
stance of which the dial-plates of watches and of table clocks 
are commonly made. This compound is, however, too expen- 
sive for more ordinary uses, and a very good white glass Is made 
for such purposes by substituting for the oxide of tin, a consid- 
erable proportion of phosphate of lime in the state of a very fine 
powder. This substance is procurable in great abundance, and 
at a moderate cost, in almost every situation. Phosphate of lime 
is extremely infusible, so that tiTe opaqueness of the glass with 
which it is united, arises firom its holding in intimate mixtort 
an unvitrescible earthy salt 

T 
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Que receipt given by Neri for producing white opaque glass 
is as follows : — ^Mix together 60 ports of fine white sand, and 40 
parts of potash, with 10 of finely poonded bone-afih, and melt 
the compound during the same length of time as is usually em» 
ployed in ordinary glass-making, it is said that this glass is 
transparent for as long as it continues at a full red heat; and 
that, as it gradually cools, it first puts on a milky appearance, 
and afterwards becomes wholly opaque. If this change does in 
reality take place, and is not rather the result of a deception 
which prevents the i»oper distinguisbing of its degree of opacity 
while red-hot, it may probabfy arise firom the circumstance that 
the excessive heat c^ the melted glass enaMes it to take up a 
greater quantity — in other words — to supersaturate itself with 
the phosphate of lime, which it parts, with again in cooling. 

Another receipt of the same artist is iS parts of calcined 
flint or fine sand, 70 parts of nitre, 12 of borax, 12 of tartrate of 
potash, 5 of arsenic, and 15 of bone-a^. 

Fontanieu has given directions fi)r imitating the peculiar 
lustre of the semi-transparent opal, by mixing 576 parts of his 
glass Na 3. (Chap. VII.,) with 10 parts of muriate of silver, 2 
parts of magnetic iron ore, and 26 p&rts of b(»ie-ash. Tlie 
beautifiil play of colors exhibited by the '* precious opal ** is de- 
servedly an object of much admiration, and it has always been 
a subject of interest to imitate successfully so pleasing an effect 
Ornamental pieces of opal glass have usually been obtained 
from France ; but their production, of a quality fiilly equal to 
these importations, may n'^w be witnessed in the London glass- 
works. 

The peculiar delicacy and beauty of this glass do not appear 
while it. remains in a state of fiision or at a red heat, and are 
not fully developed until it is sufficiently cooled to have acquir- 
ed its quality of brittleness. 

Other colored glasses which are opaque, are made by the 
same processes as are followed with transparent glasses of the 
like colors, substituting for the common vitreous b^e, one o^the 
above described, opaque-white glasses. 

The ancients emplmred methods of converting colored glasses 
into representations (x natural objects, which were extremely 
beautiful, and the manner of producing which is now lost The 
existence even of this art is only known in these modem days 
from specimens which have been accidentally discovered ; and 
our knowledge of the peculiar nature of their formation is 
wholly derived from the examination to which these specimens 
have been subjected. 

The firsfr mention made of these works of art is to .be found 
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in the ^Collection of Antiquities,** by count Cavlus, wlio de- 
ecribed them as composed erf" delicate difierent-coiored fibres df 
glass joined with the greatest nicety, and conglutinated into a 
compact homogeneous mass by fusion. Winkelmann, in his • 
** Annotatimis on the History of the Arts amon^ the Ancients,** 
describes these same specimens as pictures made of glass tubes, 
and introduces them to further obsiervation by these words : — 
** The works of the ancients in glass which are not noticed in 
,the hifltDry of the arts, deserve particularly to be mentioned in 
thb place, more especially because the ancients carried the art 
of working i^ glass to a much higher degree than we have ar- 
rived at; a j&ct which, to those who have not seen their works 
of this kind, might have the appearance of a groundless asser- 
tion.** 

The authcNT just quoted particularly describes two smiJl 
pieces of glass thus constructed which were brought to Rome 
in the year 1765, and which, indeed, appear to have been well 
deserving of his carefiil examination, as confirming the opinion 
he had given respecting the superior proficiency of the an- 
cienta The account of these curiosities cannot be better given 
than in Winkelmann*s own words: — "Each of them is not 
quite one inch long, and one third of an inch broad. One plate 
exhibits, on a dark ground of variegated colors, a bird repre- 
senting a duck of various very lively colors, more suitable to 
the Chinese arbitrary taste, than adapted to show the true tints 
c^ nature. The outlines are well decided and sharp ; the colors 
beautiful and pure, and have a very striking and brilliant effect, 
because the artist, according to the nature of the parts, has in 
some employed an opaque and in others a transparent fflass. 
"t^e most delicate pencil of the miniature painter could not 
have traced more accurately and distinctly either the circle of 
the pupil of the eye, or the apparently scaly feathers on tiie 
breast and wings, behind the beginning of which this piece had 
been broken. But the admiration of the beholder is at the high- 
est pitch when, by turning the glass, he sees the same bird on 
the reverse, without perceiving any difference in the smallest 
points ; whence we could not but conclude that tflis picture is 
continued through the whole thickness of the specimen, and 
that if the glass were cut transversely, the same picture of the 
duck woiild be found repeated in the several slabs ; a conclu- 
sion which was still further confirmed by the transparent places • 
of some beautiful colors upon the eye and breast that were ob- 
served. The painting has on both sides a granular appearance, 
and seems to have been formed in the manner of mosaic works, 
of single pieces, but so accurately united, that a powerful mag- 
nifying-glass was unable to discover any junctures. This cir- 
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Qamitance, and the continuatiaii of tba picture thxouc^iout the 
whole Bttbstance, rendered it extremely difficult to l>rm any 
direct notion of the process or manner* of forming such a work ; 

. and the conception of it might have long continued enigmatical, 
were it not that, in the section of the fracture mentioned, lines 
are observable of the same colors which appear on the upper 
surface that pervade the whole mass from one side to the other; 
whence it became a rational conclusion, that this kind of paint- 
ing must have been executed by joining variously. colored fila- 
ments of glass, and subsequently tiising the same into one co- 
herent body. The other specimen is of almost the same size^ 
and made in the same manner. It exhibits ornamental draw- 
ing of green, white, and yellow colors, which are traced on a 

, blue ground, and represent volutes, b^ads, and flowers, resting 
on pyramidally converging lines. AH these are very distinct 
and separate, but so extremely small, that even a keen eye 
finds it difficult to perceive the subtle endings ; those, in par^ 

" ticular, in which the volutes terminate ; notwiUistanding which, 
these ornaments pass uninterruptedly through the whole thick- 
ness of the piece." 

Klaproth, who had in his possession some specimens of these 
antique compositions in colored glass, co^npiled a paper upon the 
subject, which was read before the Royal Academy of Sciences 
at Berlin, in October, 1798 ; and the collection of antiquities 
&rmed by Mr. Townley, comprised a ring which contained a 
singular antique glass paste, which represented a bird of so 
small a delineation, as not to be distinctly visible without the 
aid of a magnifying lens, and which yet had eveiy appearance 
of having been prc^uced in the manner described by Winkel- 
mann. Numerous antique specimens, similarly composed, are 
deposited in the British Museum. They are Ear the most part 
fin^ments, and it is to be regretted that we are without any 
records of their origin. 

Keysler, the account of whose travels to different parts of 
Europe in the early part of the last century contains a great 
variety of entertaining and instructive matter, has given the 

' fi)llowing d«scription of a mode of composing pictures in col- 
ored glass, which was at that time employed in aecorating some 
of the churches in Home. It will be seen that the method j>ur- 
sued by the Roman artists in some respects resembled that used 
for the composition of antique pastes, as described by Winkel- 
. mann. Recourse appears to have been had to this mode of pro- 
ducing pictures, in cases where the original paintings on wood 
or canvas were perishing through the dampness of the walls, 
and where it was wished to supply their places with copies 
composed of an imperishable punstiincc. 
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^ The materials used are little pieces of glass, of all the di^ 
ferent shades in every tint or color like those of the fine Eng- 
, lish worsted used in needle-work. The glass is first cast into 
thin cakes, which are afterwards cut into Taos pieces of differ- 
ent thickness. Many of the pieces used in me works on roofi 
and ceilings, which «are, consequently, seen only at a great dis- 
tance, appear to be a finger's breadth ; but the finer works con- 
sist only of glass pins, if I may call them so, not thicker than 
a common sewing-needle, so that a portrait of four feet square 
shall. take up two millions of such pms or studs. These are so 
closely joined together, that, after the piece is polidied, it can 
hardly be discerned to be glass, but rather looks like a picture 
painted with the finest colors. The ground on which these 
vitreous pieces are inlaid is a p^ste compounded of calcined 
marble, &ie sand, gum tragacanth, white of eggs, and oil : it is 
at first so soft that the pieces are easily inserted, and upon any 
oversight majr be taken out again, and the paste new moulded 
£br the admission of other pins; but by degrees it grows as hard 
as a stone, so that no impression can be made on the work. 

" This paste is spread within a wooden firame, which for the 
larger pieces must not be less than a foot in breadth and thick- 
ness. A piece of about eighty square feet, tf peribrmed with 
tolerable care and delicacy, will employ eight artists for two 
years. 

^ The pins of the several colors lie ready before the artists 
in cases, as the letters are laid before the cranpositors in a 
printmg-house ; and such is their accuracy in imitating the 
finest strokes of the pencil, that the only apparent difiference 
betwixt the original painting and such a copy is, that the latter 
has a much finer lustre, and the colors are more vivid.'* 

An accident occurred many years ago in the plate-fflass 
works at St Gobain, which seemed to (met the means of ob- 
taining a bright red color for glass by the employment of cop- 
per, at a mudi less expense tmm has hitherto attended the pro- 
duction of that tint from gold. 

It will be remembered that, in the manufiicture of plate 
glass, when the refining is completed, and it is wished to tranch 
Kir a portion of its contents from the melting-pot to the cu- 
vette, a copper ladle is emjdoyed. It is necessaiy, while usinff 
this implement, to dip it occasionally into water, lest it should 
become too hot and warp, or possibly melt On the occasion 
referred to, the workman having omitted this necessary pre- 
caution, the last of these misfortunes ensued ; dipping the 
heated ladle once too often in the melted glass, only part was 
brought out attached to its iron handle. 

It was imagined that the copper thus melted would sink, by 



222 GLASS MAIfUFACTVBE. CHAP. XIII. 

reaaon of its greater gravity, to the bottom, and would be fowad 
there in the metallic state on the emptying of the pot 7%e 
casting and annealing of the f^ates were proceeded with ac- 
cordingly; and, on their completion, the workmen were eup- 
prised to find that not only were grains of metallic copper em- 
oetlded in the substance ci the glass, but bands uniformly cdi- 
ored of a fine bright red were distributed throughout the plfltes. 

The color must, in this- case, have been produced l^ the cop- 
per, whicii was suddenly carried to the degree of oxidation 
necessary for its develoinnent M. Gruyton-JVtoveau, when in- 
formed of this circumstance, was desirous of ascertaining, by 
direct experiment, what means would be most efficacious in 
producing the same effect The result of his endeavors has 
been puluished.* . . 

The first attempt was made with plate glass. In order to 
bring the glass and copper into more intimate union, the first 
was reduced to powder, and the other was used in the form of 
filings. The metal was used in the proportion of 3 parts to 
100 parts of glass : this mixture was brought to a state of com- 
plete fusion before the glass was poured out No success at- 
tended this experiment, the ^lass appearing uncolored, and the 
copper remaining mixed wim it mechanically in the form of 
Metallic globules. 

The next trial was made with common white glass, mixed 
with twice the proportional weipfht of copper filings that bad 
been employed in the first experiment The compound having 
been completely melted, was found to have assumed a red color, 
which was uniformly difiTused throughout the mass; but this , 
color was so deep as to render the glass nearly opaque. 

A trial made with copper, already in the form of an oxide, 
imparted a greenish color to the glass. 

It is impossible not to remark that the circumstances under 
which these experiments were conducted, as detailed by M. 
Guyton-Morveau, differ in some essential particulars from those 
which accompanied the accident by which they were suggested. 
In that case, the glass was already in- the state of fiision, and 
probably also in a high state of Incandescehce, before the addi- 
tion of the copper. The proportion of metal used in the second 
experiment was evidently excessive ; and it is surjMrising that 
the effect produced did not lead M. Guyton-Morveau to t^ the 
eflfect of a smaller proportion. 

Attempts have been made to color glass by subjecting it to 
the action of heat, while surrounded hy some cementing sub- 
stances already impregnated with metallic oxides as coloring in- 

* An. da Chim. rol. Ixziii. p. 138. 
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gredienta. In most of these cases the ^lass remained perfectly 
.colorless, unless the heat had been earned sufficienUy &.r to ii»- 
dace devitrification ; which state, as it renders the material 
opaque, furnishes suffici^it objection to the use of this method 
of coloring. Even in those cases where transparency is not re- 
quired, the same effect can be attained by easier means, and 
free frnm a very serious inconvenience, that of the adhesion 
of the cementing substance to the glass. Some purious &ct8 
ooonecteA with this subject will be detailed in the concluding 
chapter of this volume, which treats of the devitrification of 



CHAP. XIV. 

ON THB ABT OF STADmiO AND PAINTDiO GLASS. 

Tbis Art more recent than that of Coloring. — Encouraged by the Monki.-- 
Early Specimen at St. Deni& — Art never much cultivated in England. — 
Splendid Paintings at Oouda. — Directions eiven by old Authors for com- 
posing CJolors.— Fluxes.— Vehicles for diluting Colors.— Description of va- 
rious Stains.— Method of floating these.— Of painting oif Glass. — Imitation 
of ground Olaas with transparent Patterns. — Description of Kiln employttdb 
— Method of firing. — Second and third firing. — Ancient method of fixiiMi 
different colored Glasses on each other. 

Thb invention of the art of painting on and staining glass, 
although probably recent as compared with that of coloring the 
body of the metal when in fusion, is yet known to have existed 
for many centuries. 

The exact period of its adoption is, indeed, involved in much 
obscurity ; and it can, at best, be regarded as only a reasonable 
conjecture, which assigns its princi}»l excellence, if not its ori- 
gin, to the fostering care of those religious communities which, 
upon the breaking up of the great western empire of Rome, 
became, and for so long a peri<^ thereafter continued, the sole 
depositaries of learning and the arts in Europe. 

Endowed by the piety or superstition of their unenlightened 
jfbllowers with revenues &r beyond their personal wants, the 
clergy of that time expended a portion of their supnerfluous wealth 
in the construction of those splendid temples which attest to the 
present day the architectural skill and ^nius of their founders, 
remaining unsurpassed and almost unrivalled., in their kind as 
objects of admiration through a great portion of Europe. The 
ministers of a religion which addressed itself to the imagina- 
tions and the feelings of its votaries, they could not, perhaps, 
have adopted more effectual means for obtaining and perpetu* 
ating their influence over the multitude. Some idea of the ex 
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tent to which these means must have operated may he finrmed 
by every one who recalls to mind the sensations of solemnity 
amoantmg to awe wherewith he has himself been stmck as he 
has stood beneath the lofty sculptured arches of a qathedzal, or 
walked through itir lengthened aisles, radiant withi tints gfew- 
in^through emUazoned windowa 

The earliest specimens of these embellishments difE^ firom 
those of more recent date in having been formed of small pieces 
of glass colored throughout during the process of its original 
manufactiure, and which, to distinguish it from glass colored or 
stained by the methods that will be hereafter described, has 
been called by artists pot metal. Pieces of this, cut to the e^pes 
required, were joined together in the manner of mosaic by the 
interposition of lead, in a way which has since fallen greatly 
into disuse ; the method of staining and burning in metallic 
colors on the surface of the glass ^ving been found far more 
beautiful, admittm^ of greater variety of tints, as well as of 
those delicate shadmgs which were manifestly unattainable by 
even the most laborious composition in mosaic work. 

Perhaps the oldest existing specimen of this later-discovered 
art of painting on glass is to be seen on the windows of the ab- 
bey of St Denis, whereon were recorded, in 1194, various 
events which occurred during the first crusade. 

This art has never flourished to any great decree in England, 
where at no time have men of genius t^n much encouraged to 
apply their talents to its advancement : many among the most 
admired specimens of painted glass which ornament our re- 
ligious edifices, are the productions of forei^ artists. 

The great church at Grouda, in Holland, is splendidly embel- 
lished with painted windows, which, about the year 1555, were 
executed by various artists, the most celebrated among whom 
were Dirk and Walter Crabeth. The one among tibe windows 
which is the most highly esteemed was paint^ by the fireit 
mentioned of these two brothers ; and Mr. Hollis mentions, as 
evidence of the value placed upon this work of art, that for the 
lower part of this window, — about twenty feet square, — ^Mr. 
Trevor, some time English resident at the Hague, had in vain 
offered to give a solid plate of gold of the same sur&ce, and of 
the thickness of three .Duteh guilders. i 

This particular division of the fine arts differs from other 
branches in containing within itself fewer incentives to its pros- 
ecution. Its practice is accompanied by various laborious and 
difiering processes. The range of subjects which it admits is 
far more circumscribed, and the opportunities which it offers fyr 
the display of excellency are fiir less frequent The artist it 
even without the gratification of witnessing the saturfactoiy 
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progress of his own work, the appearance of which is compara- 
tively dull and uninteresting until aflcr it has passed from his 
own hands into those of " red Lemnos^ artisan." The sculptor 
and the painter in oil colors can seldom fail in procuring means 
for exhibiting their works; so that, according to the degree of 
talent evinced by them will generally be their encouragement 
and reward ; while the man who has conquered every disad- 
vantage attending the processes of stainin? glass, and who may 
have produced a piece, the conception and execution of which 
are auke honorable to his genius and assiduity, might look in 
vsiin for the opportunity of bringing its merits before the world. 
These works have, therefore, seldom if ever been undertaken, 
unless at the requirement of others, who, dictating both the 
subject and its details according to their own peculiar tastes 
and wishes, leave nothing wherein the superior talents of the 
artist can Be displayed, save the correctness of drawing and the 
elaborateness of execution. A man of genius will not consent 
to be thus trammelled, or follow, for the attainment of a precari- 
ous recompense, one profession, when, by bruaging to the exer- 
cise of another the same amount of talent, and far less labor, he 
inay at once give scope to his conceptions and ^vance liis 
worldly interests. 

A much wider field than presents itself for the exercise of 
this art in England, is certamly offered in Catholic countries, 
where not only is it more in accordance with the feelings of 
the people to ornament their religious edifices, but where a 
much freer scope is given to the artist in the choice of subjects 
for embellishment Popular legends of the saints in honor of 
whom their churches are named, which are shut out by our 
simpler form of worship and severer religious discipline, afford 
a never-failing source whence these sumects may be drawn ; 
while he who labors for the adornment of a Protestant church, 
is restricted to subjects founded upon mere scriptural authority. 
England has, indeed, within the last half century, produced 
some few proficients in this art, whose productions would do 
honor to any country : but the encouragement extended towards 
these talented individuals has been too limited to raise up, as in 
other pursuits, a succession of masters ; while some, by whom 
it has at first been embraced, have been allured from it by the 
more general and liberal patronage accorded to the professors 
of oil painting. 

Staining and painting on glass differ in some respects from 
all other styles of pictorial embellishment They agree, how- 
ever, generally with the processes used in painting porcelain, 
not oi^y in the nature of the substances to he embellished, and 
in the materials whence the colore are derived, biit likewise for 
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the most part in the methods used for the application of those 
colors, and in the necessity which exists for fixing them by ex- 
posure to a high degree of heat The art is, indeed, in most 
particulars, so extremely analagous to the methods employed 
for painting porcelain, and which have already been treated of 
in this volume, that it will not be necessary to occupy much 
space in its description. 

The colors are drawn from the same class of natural sub- 
stances as aflbrd enamel colors; they are prepared, and fi>r the 
most part are applied, in the same manner ; while any difierence 
which may be found to exist in the mode of fixing and bringing 
out the effect of colors by the aid of fire, are more referrible lo 
the varied forms of the articles than to any actual difierence 
observable between the habitudes of glass and porcelain. 

Boyle, in one of his lettero on the subject of imbuing glass 
with metallic colors, whtrein are detniled some experunents 
which he himself made in order to obtain a ruby color, relates 
also an anecdote of an artist, who wished, for some purpose, to 
prepare an amalgam of gold and mercuir. With this view he 
kept the two metals for some time togetner in a state of fusion 
in a glass retort, when this at length burst with a tremendous 
explosion. Mr. Boyle adds, that he saw some of the fragments, 
and he declares them to be of the finest ruby color he ever be- 
held. 

Many directions are to be found in the works of old writers 
for the composition of stains and colors. Some of these agree 
very closely with recipes in use at present, while others are 
evidently incorrect or incomplete ; it being impossible, by fol- 
lowing them, to obtain the colors which tney are said to fur- 
nish. There appears to have always existed a spirit of exclu- 
sion on the part of professors of this art ; and it has been said 
that this jealousy has even weighed with those among them 
who have written on the subject, so far as purposely to give 
false directions, that students might be deterred from the fur- 
ther prosecution of their attempts. ' It is more charitable, and 
at the same time more consonant with probability, to imagine, 
that the errors whioh abound in these works are owing rather 
to the carelessness of transcribers and editors, than to wilful 
. misstatements on the part of the authors. Let thiis be as it may, 
it still is certain that until the period when M. Brongniart pub- 
lished the results of his experiments and practice in regand to 
enamel colors, the public was not in possession of any informa- 
tion whereon reliance could safely be placed for their produc- 
tion. 

Various compositions are recommended to be used with the 
colors as fluxes, in order to promote their fusion when exposed 
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to the }ieat of the fiimace : these compositions are termed hard 
or soft fluxes, in pro^rtion as they require a greater or less 
amount of heat for their perfect fusion, and for the production 
c^ theur fiill efiect upon the metallic oxides with which they are 
joined In choosing between them, regard must be had to the 
peculiar nature of the individual substance or compound where- 
with they are combined, that the flowing of all in fusion may 
take place as nearly as possible together. With this view, it is 
evid^it that a waste both of time and labor would be experi- 
enced, if any hard flux were used with an oxide which could 
lie brciught to melt at a low heat; and, on the other hand, that 
it would be still more improper to use a soft flux with oxides 
which are more refractory, seeing that the proper incorporation 
of the two substances could not possibly in that case be occa- 
siooed. I 

Oxide df lead forms a principal ingredient in many fluxes. 
It is necessary, however, to be sparing in its use where it is re- 
quired to produce pink colors, as these would be injuriously 
acted upon by any excessive quantity of lead. Its place may in 
such case be advantageously supplied by borax. 

A fluxing compoimd, very generally used, is made by the 
union of thirty-two parts of flint glass with twelve parts of 
pearl-ash, and two parts of borax ; which ccnnposition will flise 
at a medium heat. If it should be required to render this more 
fbsible, such an eflfect may be gained either by substituting for 
the pearl-ash four parts of red oxide of lead, or by increasing- 
proportionally the dose of borax ; and if, on the other hand, it is 
desired to produce a hard flux, this end may be attained by 
omitting the borax altogether, and adding an equal quantity of 
common table salt 

The directions for the preparation of fluxes for porcelain, 
which will be found in another part of this volume, apply equal- 
ly to those which are to be u»ed with glass, and it would be 
therefore useless to repeat them here. • 

When enamel colors are applied to glass, they are, besides 
tbeir union with' a fluxing material, mixld in the same manner 
as for painting on porcelain, with some substance as a vehicle 
for causing them to flow readUy from the brush, and at the same 
time to prevent the colors from blending themselves one with 
the other ^ring the operation. Oil of lavender, balsam of 
capivi, oil of turpentine or of amber,, or sometimes gum-water, 
are employed as this vehicle. The choice of any particular 
substance must depend, as in the painting on porcelain bodies, 
upon the nature of the coloring matters employed, and is of iio 
real consequence to the ultimate appearance of the glass, since 
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the whole will be entirely evaporated when subiniittecl to the 
intense heat of the furnace. 

The coloring compounds having been previoody groand with 
an appropriate flux upon eidier a porphyry or strong plate- 
glass palette, by means of a mailer of the same mat^ial, must 
again be ground in the same manner, and reduced to a proper 
consistency with the vehicle just mentioned. The artist will 
do well to prepare at first a sufficient quanti^of every color 
required for the completiq|i of the object which he has in hand; 
it being extremely difficult, if not impossible, to produce tints 
identically the same at any subsequent time, although the 
greatest attention be paid to the proportions of their ingn^enta 
The injury which may be thus occasioned to the beauty of the 
pieco need not be insisted upon. 

I Many objects may be painted on glass by persons who have 
not acquired any previous knowledge of the art of design. The 
transparent nature of the material enables the artist to see di^ 
tinctly both the outline and the shading of any pattern which 
may be fixed upon its under side. The outlines of every such 
pattern should be decidedly given ; and the whole contour and 
shading must be at once obvious when looking on its upper 
mirface. When the pattern paper is laid horizontally upon the 
glass, it must be secured by wafers at each of its four comers, 
to prevent its shifting ; the glass must then be placed upon an 
easel similar in form to a music-stand, and fixed steadily upon 
the table. Means should also be taken to prevent the dipping 
of the glass upon the easel, by passing a string across its &qe 
in any position that will secure this object, without interfering 
with the subject intended to^e drawn. 

To support the arm of the artist while he is employed in 
painting, as it would be improper fbr him to touch the glass, it 
will be necessary to use a rest stick, in the manner observed 
by artists who paint with oil colors. 

4t is considered advisable to trace the outluie, in the first 
instance, with common Indian ink much diluted, before using 
for the purpose the pencil color, about to be described: the 
reasons for which are, that the strokes will admit of easier cor- 
rection, and that a rough line will le thus formed upon the sur- 
face of the plate, which, drying immediately after the applica- 
tion, serves to direct the point of the brush when ch^ged with 
the color, and to occasion the delivery of the latter with greater 
ease and regularity than would be otherwise attainable: by 
this means the artist may avoid any patching or altering of the 
ouffine, which would seldom fail to render the wosk rough 
and unsightly, but which must be resorted to if the lines 
prove unequal or imperfect Faults of this kind may, indeed. 
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be partially corrected at aoy period of the process ; but as the 
glass must be fired anew nhei each application of color,' and 
as the firings constitute the principal part of the expense, it is 
of course advisable to exercise all possible carefulness, in order 
to avoid, as &r as possible, the necessity for their repetition. 

The color most usually employed for drawing the outlines 
and for shaduig* different subjects, and which is therefore called 
by artists outline or pencil color, is made of the sai&on-colored 
oxide of iron commonly known in the shops by the name of 
crocus martis. This oxide must be well ground in combina- 
tion with an equal weight of soft flux upon a porphyry or 
plate-glass palette, as before directed, and subsequently also 
with oil of amber as its vehicle. To provide for the preserva- 
tion of its proper degree of consistency, the addition of one or 
two drops of balsam of capivi may be needed ; it is desirable, 
howQver, to make as sparing use as possible of this substance, 
^which sometimes, when evaporated in the intense heat of the 
kiln, will, through its greasiness, indispose the glass from 
taking the color properly ; and little vacancies may in conse- 
quence be left unoccupied, and requiring to be subsequently 
supplied. The pencil color thus prepared is a dark-reddish 
brown, and remains unaltered by the heat of the furnace. In 
order that the outline, while it is sufficiently decided, may at 
the same time be fine and clear, the pencil color must be used 
as little moistened as will admit of its flowing from the brush ; . 
and until it has become perfectly dry and hard upon the glass, 
no subsequent part of the coloring process should be commenced. 

If when the pattern is-wafer»d on the glass, and the outline 
has been completely traced, it is desired to make one or more 
copiiBs of the figure upon other plates of glass, this may be done 
without removmg the paper from the first, by simply placing 
the second and other plates in succession upon that to which 
the pattern is attached, the transparency of which will admit 
of the outlines being traced with the same facility as if the 
pattern had been transferred to each individual plate. 

The best crown-glass is generally chosen for painting or 
staining, a^ being most transparent and free from color. 

The colors must be laid on with a long-haired sable pencil ; 
its handle must be of a lengtli which will allow the artist to use 
his hand with freedom, and should be securely attached to the 
brush, so that the two cannot become disunited. If such an 
accident were to occur as the falling of this brush charged 
with color, it would be impossible adequately to repair the mis- 
chief by any means short of obliterating the whole, and begin- 
ning* the work anew. 

The shading and coloring are very frequently performed ' 
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upon opposite sides of the glass ; and this condition is almost 
invariably observed where the color to be applied is one wliich 
can be made to flow with sufficient freedom, or, to use tlie 
phrase employed by artists, which can be floated on the surface 
of the glass. In cases, too, where it is desired to produce tints, 
such as many shades of green, which would result from the ad- 
mixture of two difierent colors, this same eflfect is produced by 
applying one of these to the face, and the other to the reverse, 
of the glass. 

There are only three colors, strictly speaking, which can be 
floated on, and which are called stains, to distinguish them 
from others which must be laid on by the strokes of a brush. 
These stains are orange, red, and lemon-yellow. They are 
composed according to the following recipes : — 

Orange stain. Melt together in a crucible 2 parts grain or 
virgin silver, and one part of crude antimony. When cold, 
this compound must be pounded and sifted ; and when used, 
must be mixed with 6 times its own weight of Venetian red, 
and diluted with cold water to the consistence of cream. 

In floating this stain upon the glass, a large camel-hair pencil 
in a swan's quill, or a flat varnish brusli of the same material, 
must be used. The glass should be taken in the left hand, 
while the other is employed in floating the color ; the move- 
ments of the first being su managed, that the stain as it quits 
the brush may float gently and evenly over the surface. If, 
after this, the glass is placed upon a level table, the stain will 
dry in about twelve hours, when it is in a fit state for the kiln ; 
and upon the application of a moderate heat, a deep gold-colored 
stain will be produced, which will have penetrated the sub- 
stance of the plate, and which will continue unimpaired by 
time. A lighter-colored orange stain may be obtained by in- 
creasing the proportion of Venetian red, relatively to the quan- 
tity of silver and antimony. 

Red stain. In no particular is the difference between an- 
cient and modem stamed glass more observable than in tlie 
absence from the latter of that brilliant scarlet tint, which is 
most generally seen on the first, and the art of producing 
which appears to be lost. The red color which artists are now 
accustomed to employ as a substitute for this, is tame and cold 
in comparison ; and to give it any good effect, requires the aid 
of artifice, in placing it amid brilliant lights, or surrounding it 
with cold colors. The modem red stain is produced by addm^, 
immediately before it is applied, three drops of sulphuric acid 
to each pint measure of the orange stain last described : pre- 
cisely the same methods must be observed for the application 
of both. 
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Lemon-yellow stain. This is made by adding to 1 part of 
pure silver (precipitated) 12 parts of finely powdered pipe-clay. 
These must be mixed together in a basin with cold water to 
the proper consistence, and floated on as before described. The 
tint of this stain may be rendered lighter or deeper by adding 
to or taking from the proportbnal quantity of the pipe-clay. 
This, as well as the Venetian red, is of no enect in the produc- 
tion of color ; they act only as vehicles assisting to spread the 
metals equally over the surface of the glass: of course, the 
greater their proportions, the smaller will be the quantity of 
coloring substance upon a given surfitee, and the lighter will 
be the resulting tint. 

In addition to the above three stains, a fine transparent green 
may be also produced by first staining the glass on one side 
with lemon-yellow, and then painting it on the reverse side 
with a blue color. This combination will certainly not possess 
the same degree of clearness as is imparted by the simple use 
of either of the three stains which have been described, but it 
will have a good ef!ect when used to represent foliage or fi)r 
draperies in situations where recourse cannot well be had to 
the use of pot metal. 

Where many colors are employed which must be laid on 
with a brush, the artist will apply some to the face, and others 
to the reverse, consulting his own fiincy or convenience in re- 
gard to this disposition of the tints. The rule which forbids 
the application of another color, until one previously laid on 
shall be perfectly dry, applies in all cases, and must be ob- 
served as well in covering the opposite sur&ces, as when 
various colors are applied to the same side. 

When all the tints are laid on, aad^are thoroughly dried, the 
glass i^ready for the first burning, the manner of conducting 
which will be hereafter describe. After this has been per- 
formed, and the glass is removed from the kiln, the artist should 
proceed to scraps off the superfluous colors which remain upon 
its surfaces. Ii in the performance of this process care is taken 
to remove each one separately, these colors may be ground 
with a fresh portion of the vehicle, and employed on any future 
occasion, as their coloring properties will be perfectly unii>- 
jured. The costliness of some enamel colors renders this an 
object of some moment On the completion of this scrapmg, it 
\^ill be seen that the glass has been penetrated by the colors ; 
and if due care has been taken in the choice and preparation 
of the coloring materials, and the previous processes have been 
properly^ conducted, there will be no necessity for any fresh 
application of colors : if even a few spots should appear, they 
will be removed by a second burning, which at the same time 



232 GLASS MANUFACTUKE. CHAP. XIV. 

will considerably heighten and bring out the colors. Should 
there, however, be any imperfections either in the stain, or 
painting, or pencil shaduig, these must be repaired by the artist 
previous to consigning the glass again to the kiln. 

It is sometimes wished to give to glass the appearance of 
having been ground, leaving at the same time transparent lines 
or patterns upon its surface, the effect of which is very pleasing 
to the eye. In preparing for the production of this appearance, 
the artist uses a large camel-hair pencil, the end of which is 
dipped into oil of amber, so as to take up only a small quantity 
at any one time ; and with this, holding the brush perpendicu- 
lar to the glass, every p'Srt of the latter must be dabbed so that 
the surface will be dimmed by the oil. This must not lie 
thicker on one part than on another, and should by no means 
be applied in suflScient quantity to give it a fluid appecu'ance. 
Taking then a mixture, composed of one part of white oxide 
of tin, with three parts of flux, previously well ground together, 
this must be sifted from a lawn sieve very gently over the 
glass, until the whole surface is evenly covered. The requi- 
site quantity of tliis powder will adhere slightly to the glass 
through the means of the oil ; and when, in the course of six 
or eight hours, this has become sufficiently dry, the superfluous 
povvder must be lightly removed with a soft brush made of 
badgers* hair. The appearance of the glass will now perfectly 
resemble that which has been ground. 

In order to produce lines or patterns upon its surface, that 
shall have the usual polish and transparent quality of glass, a 
pattern must be drawn upon paper, having its lines sufficiently 
strong to be visible through the powder ; and this being fixed 
upon the reverse side, tlie artist with a blunt wooden instru- 
ment scrapes off the corftposition in lines accordant with those 
of the pattern. The plate of glass having then been subjected 
to burning in the kiln, it will be found that the powder has 
been partially melted by the heat, and is so firmly united to the 
glass, that its removal will be extremely difficult. 

It now remains to describe the particular apparatus and pro- 
cess used for burning-in the colors which have been applied to 
the surface of the ^lass. The size of the kiln is of course de- 
pendent on the magnitude and number of the pieces of glass 
upon which it 'may be desired to operate at any one time. It 
would be unwise to construct one of larger dimensions than 
are likely to be needed in use, as the due heating of the glass 
is more difficult and expensive, in proportion as the relative 
size of the furnace is increased. 

Tbe e^lass is placed during the firing in a close iron box or 
oven, which is called a muffle, and which is provided with hori- 
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zontal iron shelves placed at regular distances apart, whereon 
the plates are deposited. The relative sizes of the mufSe and 
furnace are such, that a space not less than four inches remains 
between the two on every side, by which means the fire may 
be made wholly to envelop the muffle. This receptacle is pro- 
vided with a tube proceeding from its front, and narrowing to- 
wards its extremity, without-side the furnace wall, the use of 
which tube -is to examine the state of the glass fVom time to 
time during the process of firing. The iron plates for support- 
ing and separating the glass, and which are fitted to the shape 
of the muffle, are kept at tJieir proper distances, usually about 
one inch asunder, by legs of the requisite length placed at their 
fottr comers. The shape of the muffle is usually wider at the 
top than at the bottom, so that pieces of various dimensions 
may be contained in its diflferent compartment& The number 
of these bears reference to the size of the apparatus, some 
small muffles having no more than five or six, while others of 
greater dimensions are provided with double that nutnber of 
shelves. 

If the plates of glass were placed in immediate contact with 
the iron shelves within the muffle, the metal would have an 
injurious efiect upon some color& The iron is, besides, liable 
to be warped ; and, when the glass was brought into a softened 
state by heat, would communicate its own distorted shape. 
Another and a greater evil than even these would arise firom 
the too sudden variations of temperature whereunto the glass 
would 1^ subjected, owing to the strong conducting power of 
the iron, aild which would imminently endanger the cracking 
of the glass. 

A perfect remedy for all these evils is found in previously 
preparing a smooth and even bed for the glass, by sifting 
pounded Whiting to the depth of a quarter or uree eighths of 
an inchu)ver the entire sur&ce of the iron shelves. Upon this 
bed the glass must be deposited with every possible care, so as 
to avoid rubbing the colors. 

If more than one piece is committed to each shelf, they must 
on no account be brought into contact, nor must they be al- 
lowed to touch or even to approach within half an inch of the 
side of the muffle. When, after proceeding in this manner, 
the muffle has been filled, or all the glass that is ready for 
' burning has been deposited, the cover must be put on to the 
muffle, and tlie fire lighted. 'It is usual to employ coke and 
charcoal as fuel for burning glass, both because they afford a 
steadier and more efifective heat than coal, and because the sul- 
phur which the latter so commonly contains might have an evil 
effect upon the colors. 

U2 
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^he proper management of the fire in respect to the de- 

§rees of heat employed, is a thing which must he acquired 
irough practice, it heing impossible to give any written direc- 
tions concerning it that will be efficaciou& If may, however, 
be stated, generally, that caution is necessary in the first stage 
of heating, so as to avoid all suddenly great accessions of tem- 
perature ; but that when, on inspection, the glass placed in the 
centre of the mufiie is seen to have acquired a dull red heat, 
the fire may be urged with safety, so that the whole contents 
of the kiln may l^ made to acquire an unifi)rm white heat. 
When this efifect has once been produced, no more firing is 
requisite ; the fuel which is already in the furnace must be al- 
lowed to burn itself out ; and the kiln remaining thereafter 
closed, must be left to cool gradually during ten or twelve 
hours, before it is attempted to remove the glass : at the end 
of this time it may be considered properly annealed. 

The process of tiie second or third firing is conducted in pre- 
cisely a similar manner in all respects. 

The same powdered whitino- which has already served may 
be used again for an indefinite number of times, upon being 
ground and sifted as for its first application. 

Specimen^ of ancient stained glass have been occasionally 
found, on parts of which the colors retain their full brilliancy, 
while on other portions they appear to be wholly obliterated ; a 
circumstance which has excited some surprise ; and no little 
ingenuity has been shown in the formation of theories to ac- 
count for this partial disappearance of colors. There ii^reason 
to believe, however, tliat no decay has really ensued,, but that, 
wiiile some of the colors have been produced upon these speci- 
mens by processes similar to the foregoing description, other 
pieces of glass already stained in the manner of pot metal have 
been applied to uncolored parts, and made to adhere hv the in- 
terposition of some fluxing material, which, being softer than 
the glass, has been decomposed in the course of time, and 
these adjunctive pieces have &llen away. 
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CIIAP. XV. 

ON THE ART OF CUTTING, ENOBAnM^ JJKD ETCEUTO ON OLAflS. 

Origin of the Art of cutting Glass.— Implemeiits.— Manner of their Empln]r> 
ment.— Frosting.— Patterns produced by Moulding.— Engraving on Glass, 
executed with the Dlamond.—£tchiag.— Schwanhard.— Difference of his 
Practice from that now used.- Method of Etching.- Fluoric Add.— Glass 
Incrustations. — Origin of the Art. — ^Improrements thereon. • 

The art of cutting glass is a much more modem invention 
than that of painting and staining it, which has been described 
in the preceding clmpter. 

It is generafly b^eved, that Caspar Lehmann, originally a 
cutter of iron and steel in ihe service of the emperor Rudolphus 
IL^ was the first person who attempted this mode of embellish- 
ing the material It was about the year 1609, when, having 
procured from the 'emperor an exclusive patent for using the 
art, together with the appointment of lapidary and glass-cutter 
to the court, Lehmann prosecuted his' invention with much suc- 
cess in the city of Prague. 

Before that time, many artists had engraved figures upon 
glass, by means of the diamond ; and their labors were greatly 
admired. Some glaziers had also discovered a mode of cutting 
glass by the employment of emery powder, and sharp pointed 
instruments of hardened steel, as well as with heated irons ; 
but these methods were greatly different in the manner of their 
performance, as well as inferior in their efiTect, to Lehmann^s 
process, by which they were consequently, for the most part, 
superseded. It was, however, very long after the period already 
mentioned, that the art attained to any thing like the degree oi 
perfection which it now exhibits. 

At the end of the seventeenth century, glass-cutting was 
prosecuted to a great extent, and in a very improved style, at 
Nuremburg ; the artists of that place having much simplified 
the tools employed, as well as the methods used for their em- 
ployment 

In the present advanced state of the art, the glass utensils 
and ornaments which contribute so greatly to the embellishment 
of our tables and saloons, owe much of their richness and bril- 
liancy to the elaUbrate manner in which they are cut Tliis 
mode of ornamenting glass, although 4t does not indeed ofier 
any field for exercising the higher faculties of genius and in- 
vention, yet calls for a considerable degree of taste in the ar- 
ransfement of forms and figures. 

The implements employed by the glass-cutter, although, 
owing to the great variety of the work wnich he has to execute, 
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they are of necessity numerous, yet partake of the simplicity 
observable throughout the. varions^^rocesses of the manufacture. 

In some principal establishments, steam power is used for 
giving motion to a shAft"v?ftfih 'causes the revolution of numer- 
ous large wheels or drums fixed thereon, and each of these heing 
connected by a band with a puUey on the axle of a smaUer 
wheel, occasions the latter to revolve with great celerity : these 
small wheels are the cutting instruments. The occupation is 
frequently carried on in the apartment of an individual work- 
man, and in this case, only one large wheel, similarly connected 
with the axle of one of smaller diameter, is turned by means of 
a winch, a boy bein^ employed for the purpose. In all other 
respects the process is identical, whether prosecuted in the attic 
of the artisan, or in the spacious &ctory of the mannlacturer. 

The small wheels are so arranged, that each can be unfixed 
without difficulty, and another substituted of a form hetter suited 
to the work in hand, or of a material' more adapted to the stage 
of the process. 

As regards their forms, these cutting wheels are either nar- 
row or broad — ^flat-edged — ^i?iitre-edged, that is, with two faces 
forming a sharp angle at their point of meeting— convex or con- 
cave. In fact, so various are the wants of the workman, that 
as many as for^ or fifty wheels having difierdntly diaped edges^ 
are to be found in the workshop. 

The materials employed in tne formation of these cutting im- 
plements are, iron, both cast and wrought; Yorkshire stone; 
and willow wood. Wrought iron is, indeed, only used for cut- 
ters of the narrowest dimensions, and which it would therefore 
not be possible to make sufficiently tough of cast metal. Iron 
wheels are used only for the first or roughest part of the opera- 
tion, and their employment is even dispensed with altogether, 
where it is intended that the pattern shall be at all minute ; as 
the metal and the sand, which must be used in conjunction with 
it, would act too roughly, arid frequently chip away portions of 
the glass. For such minute works, and for smoothmg down the 
asperities which will always be occasioned where iron cutters 
have been applied, a wheel of Yorkshire stone, moistened with 
water, must be us^. The further smoothing ^and subsequent 
polishing of the cut surfaces are eflected witn, wooden wheels : 
. for the^ first of these objects, the edge is dressed with either 
pumice-stone or rotten-stone ; and for imparting the high de- 
, gree of polish that is requisite for properly finishmg the process, 
putty-powder is employed. 

Beneath each one of the cutting wheels, a small cistern is 
fixed to receive the sand, water, or powder which has been 
used; and ov^r the wheel, a small. keg or a conioil vessel m 
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placed, the cock or opening at the bottom of which is so situated 
and regulated, as that the requisite quantity of moisture will be 
imparted from it to the wheel. The vessel which is placed 
over the iron wheel is !umished with fine sand, and into this 
water is admitted in such quantity as will insure the constant 
delivery of the moistened sand upon the face of the wheel in 
such proportion as the workman finds most desirable. The 
emery powder, rotten-stone, or putty-powder, are applied from 
time to timetis required by the workman, on the edge of the 
smoothing or polishing wheel. 

From Siis short description of the implements, the manner of 
their employment will be readily comprehended. The glass- 
cutter seats himself on a stool in n'ont of the wheel ; and taking 
in his hand the glass to be ornamented, applies this to^the &ce 
of the cutter, the correctness of his eye and the steadiness of his 
band being called into requisition, in the successive applications 
tOi»the wheel, of those parts of the glass that are to be cut 
Placed at his right hand each workman has a small tub con- 
taining water, wherewith from time to time he washes away 
the particles of sand or powder which may adhere to the glass, 
that he may the better judge as to the progress of his work. 

It may readily be supposed that, in conducting a process of 
this nature, with' so exceedingly brittle a substance, accidents 
will often occur through the breaking of the material. The 
frequency of these casualties will of course depend, in a great 
meagre, upon the original quality of the material ;. and this 
forms one reason why the best description of glass is generally 
' chosen for the purpose of being cut 

In fitting up the machinery, it is plain that the utmost accu- 
racy must be exercised. If the cutting-wheels were allowed 
to turn upon their centres with the smallest degree of eccen- 
tricity, it would be quite impossible for the operator to proceed 
with any regularity in his work, or to produce a satis&ctory 
efiect 

The wages of glass-cutters, in common with those of men 
employed in the different manu&cturing processes of a glass- 
house, ar^, paid according to the work which they deliver in a 
finished and perfect state ; so that if any accident should occur 
to the glass while in their hands, aa is frequently the case, the 
workmen cannot claim any pa3rment for the labor which they 
may already have bestowed upon it. Every man who follows 
the occupation of a glass-cutter is capable of executing each 
part of the process, although some will succeed better in one 
branch than in others. In large eptablishments there is gene- 
rally such a choice of work, that every workman has the op- 
portimity of providing himself with employment in that branch 
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"v^ch he prefers; besides this,' two or more men, forming' a 
sort df partnership, will frequently undertake work in con- 
junction, each of them performing that branch of the process 
which he feels himself qualified to execute with the greatest 
success, by which division ^f labor the whole work is more ex- 
peditiously and probably also more satis&ctorily performed. 

The grinding of glass, or frosting it, in order to lessen its 
transparency, forms a branch of the glass-cutter's art. The 
objects to which, in the present day, uiis grinding process is 
most commonly applied, are shades for softening the light dl^ 
fused by table lamps. As the roughness is given to the inner 
florface of these glasses, it is plain that they cannot be applied 
to the cutting-wheel for the purpose. Instead of this, the 
shades s^re, therefore, fixed in a lathe, and the workman, hold- 
ing in his hand a piece of wood which he covers- with wet 
sand, causes this to rub with the necessary degree of force 
asainst the inner sur&ce during the rapid revolutions of tiie 
glass. 

The amount and description of labor bestowed upon articles 
which pass through the glass-cutter's hands, must necessarily 
enhance their money value, and therefore circumscribe theur 
use. Nor is there much reason to look for the discovery of 
any improvements in the processes whereby that labor can be 
so abridged as that the manufacture will be brought within the 
reach of a larger number of consumers. Under this view, any 
method of ornamenting glass which can be offered as a toler- 
able substitute for cutting it, is likely to be &vorably received 
by the public. 

Such an invention has recently been made the subject of a 
patent, under which glass vessels, having a variety of shapes, 
are formed with ornamental figured patSems impressed upon 
them. 

The method of producing these patterns is sufficiently sim- 
ple, and consists in placing a quantity of melted glass within a 
metallic mould of the required form, in the lower division of 
which the desired pattern is engraved ; and in then bringing 
down the upper section of the mould, and pressing the melted 
glass between the two. The only skill required for the opera- 
tion is that of apportioning rightly the quantity of melted ^ass 
which is required for exactly filling the mould, so as to take a 
faithful impression of the engraved pattern. The two parts of 
the mould are connected together by means of a hinge, and 
the upper portion is provided with a long handle, which acts as 
a lever for imparting the requisite pressure. The lower sec- 
tion is composed of two pieces, which being- opened, the glass 
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may be removed from the mould almost at the moment of its 
formation. 

Intended as a substitute for cutting, this art must certainly 
be considered inferior. The patterns imparted b^ the mould 
are deficient in the degree of sharpness which is imparted by 
the wheeL On the other hand, a description of ornament may 
be thus adopted, which is otherwise unattainable ; the fibres 
may be either raised or depressed, and patterns the most mmute 
and intricate may be produced. Armorial bearings, in particu- 
lar, may thus be represented, in a manner &r superior to any 
engravmg, not only as the glass will everywhere retain its 
polish, but also because figures may be given in relief. Be- 
tween the cost of the two processes there cannot be any com- 
parison. "^ 

Many specimens are preserved in collections of ancient glass 
which are ornamented with raised figurea These have been 
most probably produced by pressure within a mould while yet 
softened by heat, such a practice being oncof great antiquity. 
Engraved figure^ were likewise executed upon hollow vessels 
by the old Greek artists; and that celebrated engraver on 
stones, Lawrence Natter, affirms, in his " Treatise on the An- 
tique, when compared with the Modem Method of Engraving 
on Precious Stones," that the same kind of instruments were 
used for the production of these relics of antiquity, as were 
employed for the same purpose at the time when he wrote. He 
considers that the old artists undoubtedly used a wheel, which 
moved in a horizontal direction above the table at which they 
wrought ; and this opinion is in agreement with a passage in 
Pliny (Hist Nat lib. xxxvi cap. 26.) : — " Aliud flatu figura- 
tur, aliud torno teritur, aliud argenti modo cflelatur." On the 
other hand, to agree with Natter would be to deprive Lehmann 
of his reputation as an inventor, although he may still be en- 
titled to the honor of liaving revived an art which had become 
obsolete ; and this, in the opinion of the learned antiquarian 
Caylus, himself the re-inventor of a sister art, is the amount 
of^ merit whereto Lehmann may justly lay claim. 

In the middle of the sixteenth century, when glasses manu- 
factured in the Venetian states enjoyed the highest reputation 
throughout Europe, it was common to find these ornamented 
by engravings executed with the diamond. More than an hun- 
dred years had elapsed from that period, when Henry Schwan- 
hard, a pupil of Lehmann, was incited by the accidental cir- 
cumstance of the corrosion of his spectacle glass, to a method 
of etching on glass by means of soma powerful acid liquor. 
His manner of preparing this liquor was kept secret by him ; 
and as no fluid, save fluoric acid, with which we are acquaint- 
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ed, has the property of acting upon the surface of glass, while 
the discovery of this powerful menstruum was not brought he- 
fore the world prior to the publication of Scheele's experiments 
in 1771, it is much to be regretted that the secret of Schwan- 
hard Was suffered to go with him to the grave. 

The method pursued by this artist in the application of his 
discovery was different from that which is practised at present 
This is, to coat over the entire surface of the glass with var- 
nish, and,' through this coating, to trace out the intended fig-' 
ures, leaving the glass exposed to the action of the acid only 
in those parts which are to be occupied by the figxures. Schwan- 
hard, on the contrary, first traced the figures, and, having filled 
the outline on the glass with varnish, applied his corrosive fluid 
to the remainder of the surface. By this means the figi^res 
were left in relief, and with their original polish, the efifect of 
which was pleasing, and totally dissimilar to the appearance of 
engravings with me diamond, which latter circumstance it 
probably was that incited the artist to the adoption of his pecu- 
liar method, since his productions would, by that means, be 
more readily distinguished from the works of others. 

The varnish employed by artists for defending, where it is 
requisite, the surfiice of the glass from the corroding power of 
the acid, is usually either a solution of isinglass in water, or 
common turpentine varnish mixed with a small proportion of 
white lead. 

By the aid of a very few implements, the art of etching on 
glass may be rendered a pleasing occupation for amateurs. 
Good crown-glass is the most proper to be chosen for this pur- 
pose. Having selected a square pane of the proper size, this 
should be first heated by immersion in a sand-bath, and then 
rubbed over with purified bees*-wax, the temperature of the 
glass being such as to cause the wax to melt completely and 
uniformly over its surface. The pane, thus covered, must then 
be set aside to cool ; and it is important to observe, that every 
part of its fiice must be protected by this coating of wax; 
which, however, need not be thick, and indeed should not he 
applied in sufficient quantity to render the glass opaque. 

A paper having the design boldly drawn upon it, may then 
be attached to the unwaxed unde^ side of the glass ; and this 
drawing will greatly assist the artist in performing the next 
process, that of tracing the design through the wax. The best 
kind of tool for executin£f this operation is a carpenter's brad- 
awl, which, as it is flattened at the end in one direction, and 
rounded in another, may, according to the position wherein it 
is held, be easily made to trace lines having the rec^uisite and 
different degrees of fineness. The point of a ^ penknife, or any 
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fiimilar implement, may be used as a subslitute hr the brad-awl, 
and with almost equal efficacy. In tracing these lines, the artist 
must be mindful that his instrument lays bare the sur&ce of the 
glass throughout the whole extent of the strokes. 

A shallow evaporating basin of Wedgwood ware roust next 
be employed. Its size should be such as will include within its 
area every part of the design ; and it must at the same time be 
sufficiently small to be completely covered when the pane of 
£flass is made to rest upon its edge. Some coarsely powdered 
Hiior spar must then be placed in the basin, together with a 
quantity of strong sulphuric acid, sufficient to form with it a 
thin paste, when the two substances must be well mixed to- 
getlier by stirring them. The quantity of fluor spar must of 
course be regulated by the size of the etching ; and it may be 
a sufficient guide on that head, to recommend that two ounces 
of the coarse powder be used when the basin is capable of con- 
taining a pint: these basins are readily procurable from any re- 
spectable dealer in earthenware. 

As soon as the acid and fluor spar are properly incorporated 
tx>gether, the pane of glass should be placed upon the basin, 
with the waxed side downwards, and a moderate degree of heat 
must be applied to the bottom of the basin : somewhere between 
120 and 140 degrees of Fahrenheit's scale will be found most 
eligible. Perhaps the best means of providing a steady heat 
for this purpose is oflered by the sand-bath, which was used for 
heating the glass before applying the wax. On this subsequent 
occasion, however, the temperature must never be sufficiently 
high to melt the wax, which in that case would run over the 
g\as^ and wholly destroy the efi«ct of the etching. 

Very soon afler this application of heat, fumes of fluoric acid 
will rise copiously from the basin, and attack the unprotected 
portions of the glass. When the basin and its contents are once 
thoroughly warmed, the heat of the sand-bath may be advan- 
tageously diminished. 

Afler the glass has been thus exposed during half an hour, 
it may be removed from the basin ; and first being rinsed in 
water, for the purpose of diluting or washmg away the fluoric 
acid, the wax may be scraped on* with a common table-knife ; 
the design will then be found perfectly etched upon the sur&cc 
of the glass. 

A metallic basin will answer perfectly for generating the flu- 
oric acid ; but it will be altc^ether improper to use any glazed 
vessels for the purpose, as the vitreous coating of such would be 
entirely destroyed. 

In performing this process, it is necessary to use some cau- 
tion ; as fluoric acid, if broun^ht into contact with the skin, will 



242 fiLASa MANUFACTURE. CHAP. XV. 

quickly dieorganize it, and produce wounds which may be pain- 
nil aivd troublesome ; a very little carefulness will, however, 
suffice for preventing any accident of this nature. 

When it is required thus to engrave other than plane sur- 
- &ces, another arrangement must be provided : the glass must 
be exposed to the mmes of fluoric acid in some d^p vessel ; 
without, however, being sufiered to come in contact with the 
pasty compound whence the acid fumes arise ; and the whole 
should be covered over, to confine and retain those fumes, so 
that they may fully act upon the glass. 

Articles made of flint glass are sometimes very tastefully or- 
namented, by inclosing within their substance various objects 
formed out of bodies which, being less fusible than glass, will 
' not be altered in their form or nature by the heat contained in 
this at the moment of their introduction. 

The art was first attempted about fifty years ago, by a glass 
manufacturer in Bohemia, who sought to incrust small figures 
made with a grayish kind of clay. His success in this attempt 
was but moderate ; the material of which he made choice for 
his figures, expanded and contracted very unequally with the^ 
surrounding glass, and their adhesion to it was consequently 
imperfect 

The successful accomplishment of this pleasing art has long 
been a favorite object with ^the French manufacturers, who 
have been unsparing of expense in their efifbrts for its perfec- 
tion. For a long time, however, their success was small, and 
the specimens produced by them' were so costly, that but little 
encouragement was oflTered on the part of purchasers. The 
subject at that time principally chosen for the exercise of^ this 
art, was a medallion of Napoleon, whose courtiers evinced the 
desire of possessing his likeness in this imperishable form, as 
being emblematic of their own unalterable attachment! Im- 
provements have since been ifiade by the French artists, which 
have enabled them to reduce the cost of these incrustations 
within more moderate bounds; but their manufacturers have 
• hitherto mostly restricted themselves to the ornamenting in this 
manner of scent-bottles and trinkets. 

A few years ago one of the most considerable London glass 
manufacturers discovered the means of attaining to a higher de- 
gree of success, and is now enabled thus to ornament, in a very 
tasteful manner, various objects of considerable size ; employing 
for the purpose substances whose property it is to expand and 
contract equally with glass upon exposure to altered tempera- 
tures. This interesting art can by this means be applied to 
represent ornaments of almost every description. The appear- 
ance most usually given to them is tHat of silver; but as the 
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metaliic oxides iubt be exnplo\'c*d ibr coKiriivr iIh' i<iilwtiiiii*t*t< 
previoue to tiieir incrustatioQ. e\'cr\' \'arioty iA' \\\w timt onii hi? 
ined in eoamel punting mar also be impafliHl. 
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of that one which would insure the concurrence of the greatest 
number of good qualities that should be found in porcelain. 
The futility of these experiments has since been made evident; 
and it must be regretted that the same amount of research as 
was thus unprofitably bestowed, has not been given to elucidate 
the actual properties of devitrified glass, and to render it prac- 
tically serviceable to society. 

Reaumur was of opinion that its quality c^ resisting alterna- 
tions of temperature, its toughness, as well as the power it pos- 
sesses of withstanding the action of acid liquids, render this por^ 
celainous glass well qualified for the formation of chemical ves- 
sels. The same opinion has been equally held and declared by 
other philosophers who have brought their minds to the inves- 
tigation of the subject; and it appears singular that their sug- 
gestion should not, consequently, have been v.ery generally re- 
duced to practice. This circumstance must further excite sur- 
prise, when it is considered in how many important operations 
of the laboratory such a substitute for metallic vessels would be 
advantageous. In operating upon any practical scale, the 
chemist is driven, for want of such a substitute, either to the 
employment of metals which are liable to be injuriously acted 
upon by the matters under process, or is compelled to adopt 
vessels of platinum, the expensiveness of which places them 
beyond the prudent reach of most persons. In one instance, a 
manufacturer of pharmaceutical preparations, who is exceed- 
ingly particular as to the absolute purity of his productions, has 
recently incurred the expense of constructing a pan of unalloy- 
ed silver, forty inches in diameter, wherein to evap(»ate vege- 
table extracts, many of which, in some degree or other, act 
upon and are impregnated by copper. 

Could vessels formed of this fibrous glass be adopted witii 
safety, there would be nothing in their cost, especially when of 
moderate size, to prevent their general adoption. The only 
circumstance hitherto assigned against this adoption isy.that al- 
though the inner texture of the glass is fine and white, fiie sur- 
face is coarse and of a dirty appearance ; but this must be 
thought a very insufficient cause for foregoing such decided 
advantages as are apparently ofiTered through its employment 

All kind^ of glass are not equally qualified to undei^o this 
conversion ; wim some descriptions, indeed, it will not ensue. 
Not any vitreous compound seems altogether proper fi>r it, with 
the exception of common green bottle-glass, and perhaps also 
the ordinary kinds of window glass. 

The method commonly employed for eflecting the change is 
as follows : — ^The glass vessel is placed within a larger earthen 
vessel, in the same manner as is pursued for baking porcelain. 
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lo the ecKZiK cf esqKrmKcti. viiicii are <iecaiLed by huu a% 
■ome ien^fth.* Dr. L^vm piiKis^ aRrrerai pieces 'jf cufaiuuu wiii«> 
bottki into cnvrkhi#», ^>ina^ o7er ttiiem the re«|iuHte quanta 
ties of white auA, aoi f^acii:*./ tiuecn u a pruper luniec«, when;- 
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time fer esamiiwtkn. llMee pKoee which were tirvc taken out, 
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oat being beat^ to redneee, exhibited no eort of chani^ wiutt- 
ever. In a low red -beat the change went Ibrwird wry dow- 
iy, bot still was quite perceptible ; while in a Btroii|( ivd heat 
iqiproachii^ to wfaJteneaB, and which ooly just avoided that de- 
gree of intensenesfi which would have melted tlie ghuM» the 
change went on rapidhr, begimiing at each sur&ce, and spread- 
ing towards the ouddie ; so that, in two lioura^ tlie substance 
hid asBUDied throughout the appearance of porcelain. 

The glass became first of a bluish color ou the sur&co, and 
exhibited a very sensible diminution of its transparency. After 
this, it gradually became white and more opaque ; the texture 
no loneer continued vitreous, but became fibrous, as already de- 
scribed ; and these fibres were disposed nearly parallel to each 

* ComnMrciuin Philoaophico-tochiiicuu, |i. ISO. 
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Other, and trausverse to the thickness <^the piece. The fibres 
from both surikces meeting in the middle, formed diere a kind 
of partition, in which cavities were occasioiially perceptible. 
By degrees this opacity and fibroos change were completed, the 
blue col(»r disappeared, and was sacceeded by a dull white or 
dun color. 

When exposure to the same high degree of heat was con- 
tinued after the production of this efiect, the glass was seen to 
undergo a still further change of texture : tl^ fibres appeared 
to be divided or cut into grains; beginning, as before, at the 
outer ends, and proceeding onwatds towards the middle, until 
the entire substance assumed a granular form, smilar to ordi- 
nary porcelain. A still further continuance of heat caused the 
grains, which at first were fine and glossy, to become enlarged 
and dull, and to change from a compact to a porous, and at 
length to a ffiable substance, resembling a slightly cohering 
mass of white sand, not easily distinguishable from tbeX wherein 
it was embedded. 

If glass, which has been withdrawn, ^m the ibmace at the 
time it has assumed the filnous state, be afterwards subjected to 
a very strong heat, it will melt into a semi-tranqidrent mass, 
and may be dniwn out in strings, which on cooling are found to 
have lost their fibroiis quality, and to have resumed their for- 
mer vitreous ^txto, being no harder than before the original 
cementation. This fusion of porcellunous glass cannot, how- 
ever, be eifiected, with6tit^the application at a de^ee of heat 
considerably more intense than is required for meltmg glass in 
its more usual form ; and it is also found that the farther the 
process of cemeiitation has been carried, the higher mnst the 
temperature be raised for itS fusion; so that specimens which 
have been rendered granular are much more tefiractory than 
such as are simply fitoxtus. 

Although, throughout the expetimentS'Of Dr. Lewis, no dif- 
Iference in the actual'hroperties of Reaumiirfs porcelain follow- 
ed the employment of difl^ent Substaiibes fer embedding the 
glass, — ^its iiitemal color, hardness^ tei^ure, and the regular 
miccesBibn of its chaiiges lieiiig thesame in all cases ;-^yet con- 
Idderabli? difference was occasioned iti its outward color. If 
charcoal or soot had been lis^, these. product a deep black 
^lor, which was not' affected by long, expoMli^e to heat in an 
open furnace. Clay or sand which was colored, communicated 
diflferent shaides of brown ; tod white earths gave either gray 
or brown tinges. The greatest decree qf whiteness followed 
upon the use of white sand, calcined flints, or gypsum ; and the 
highest state of glossiness or brightness was caused by the em- 
ployment of pipe-clay. 
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In the account published by @ir James Hall of his hig'hly in- 
teresting course of experiments on the e^cts of compression 
in modifying the action of heat upon a certain class of substan- 
ces, incidental mention is made m an important circumstance 
connected with this change in the texture of glass, and which 
seems to point the way towards the institution of a further 
course of useful investigations. 

Having placed in the closed end of a porcelain tube a portion 
of the substance which he was about to subject to the action of 
heat under pressure, it became necessary to introduce likewise 
within the tube some other substance, which could be brought 
to such a state as would oppose an effectual barrier against t{^c 
communication of the principal substance with the atmosphere. 
The use of various bodies was attempted for this purpose, and 
each was successively rejected as inadequate. Amon^ these. 
Sir James determined upon tr3ring the efl^t of pounded glass ; 
which, being placed within the tube, above and nearly in con- 
tact with the principal substance, could be subjected to such a 
■decree of heat as would fuse the glass, while the closed end of 
the tube might be sufficiently withdrawn fbom the action of the 
furnace; and when, in the prosecution (^ the actual experiment, 
this end shoul^ come to be placed in the strongest heat, that 
portion of the tube in which the then compact body of glass was 
contained could be equally removed from a temperature which 
would again alter its form* 

The descriptbn of glass accidentally chosen by Sir James 
Hall for his experiment, was that which is bedt of all qualified 
for conversion into Reaumur's porcelain. Having introduced 
the tube wherein the pounded glass, waa contained within u 
muffle heated to the temperature of 20° erf" Wedgwood's scale, 
3677° Fahrenheit, he discovered, that in the space of one 
minute it entered into a state of viscid agglutination, similar to 
that of honey ; and that when only one more minute had elaps- 
ed, the entire particles were consolidated into a firm compact 
mass of Reaumur's porcelain : during the short period here men- 
tioned, the heatvof the muffle bad been uniformly sustained at 
the same degree. .... 

If a solid cylinder of glass, having the same bulk as the pow- 
der thus placed within uie tube, had been exposed to the same 
temperature, it would- equally have undergone a change from 
the vitreous to a fibrous state ; but the time, required would 
have amoitfited to at least an hour. 

The result of the discovery thus unexpectedly made by Sir 
James Hall, raiders it probable, that if common green bottle- 
glass, previously ground to powder, were introduced within ap- 
propriate inoiilds, and exposed to an adequate temperature, it 
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would speedily and satisfactorily be converted into vessels of 
Reaumur's porcelain ; and by this means, not only would the 
time expended be materially abridged, and fuel economized, 
but the manufacturer won^ be relieved from one of the great- 
est practical difficulties which has been found to attend the 
conversion, and which arises from the tenacity wherewith the 
sand usually employed is found to adhere to the glass. 

This evil is frequently experienced to so great a degree, that 
the force required for their separation endangers the ln*eaking 
of the vessel. Moulds of every requisite form might be made 
without difficulty) of substances sufficiently refractory to remain 
uninfluenced by the temperature employed for the conversion, 
find which woidd deliver the ^kss freely upon its completion. 

M. Guyton-Morveau read, in 1810, before the French Na- 
tional Institute, a paper containing observations with a view to 
explain some phenomena that occur in the fabrication of glass.* 
In the course of his remarks, this celebrated chemist drew the 
attention of his auditors to several specimens of devitrified glass 
collected by him, which had been rendered opaque and fibrous 
by the long-continued action of heat iA a porcelain furnace. 
Some of these pieces were converted, without having been sur- 
rounded by sanid or gypsum, or any other cementing substance, 
and yet exhibited the completest change throughout their sub- 
stance. 

One of his specimens, composed of bottle glass, had been ex- 
posed, during three entire days, to the heat of 50 degrees of 
Wedgwood's pyrometer, and had acquured interiorly a rosy tint, 
its fr^ture exhibiting fibrous lines, arranged in the form of 
stars, and converging towards the centre : this glass was suffi- 
ciently hard to scratch rock ciystal. Another ^>ecimen of flint 
glass, which had been exposed during the same time, in the 
same furnace, exhibited only the ccmimencement of crystalliza- 
tion at its surface ; the interior retaining, unaltered, its original 
vitreous quality. 

M. Guyton-Morveau likewise exhibited some artificial intag- 
lios, made of bottle glass, which had been ^ist sofliened and 
moulded in a cupelling-fumace, oif an impression taken with 
rotten-stone, and subsequently devitrified in the heat of a por- 
celain furnace. These specimens were sufficiently hard to 
scratch rock-crystal ; a quality which points out the fitness of 
such productions to be used as dies for the preparation of in- 
taglios and cameos, the impression which they receive and im- 
part being exceedingly chaste and perfect The same quality 
suggests the advantage that would probably be found in tlie em- 



* Ann. de Chim. vol. Ixxiii- p. 113. 
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ployment of Reaumur's porcelain in the composition of mock 
onyxes; but, for this purpose, the ground add figures must bo^ 
formed of separate layers of different-colored glass, which must 
be brought together by means of some fluxmg material, and 
afterwards devitrified, in order to give them the requisite opa- 
city, and, in some degree, also, that hardness which is the dis- 
tinguishing characteristic of gems. 

, One specimen, also brought forward on the same occasion by 
M. Guyton-Morveau, was a segment of a globe, composed of 
bottle-glass, which had been cut in the form of a watch-glas.^ 
to be used as a capsule, and afterwards devitrified. This pieco 
might be suddenly heated red-hot, and immediately thrown into 
cold water, without experiencing injury. It might also be kept 
in heated sulphuric acid, without exhibiting the least corrosion 
or alteration of weight ; two qualities calculated to render its 
employment eminently advantageous for the purposes of chem- 
ical analysis. 

The result of different experiments made to devitrify stained 
glass taken from church windows, was likewise shown, on the 
same occasion, by M. Guyton-Morveau. Of various pieces thus 
treated, some were colored red by the precipitate of Cassius, 
and others blue, by oxide of cobalt 'One of the red specimens 
contained lead in its composition ; this, on losing its transparent 
quality, had become of a spongy consistency, ana-appeared full 
of blebs ; in the other piece, which was hard croWn-glass, the 
devitrification was seen to have pursued its usual and regular 
course, interiorly from the two surfaces : it had acquired a pur- 
ple tinge, and was so little hardened that it might be scratched 
by rock-crystal. The piece which had been stained by oxide 
of cobalt difi^red from the last in more than one particular.^ Its 
hardness was so great, that scarcely could any perceptible mark 
be made upon it By adamantine spar ; its blue color, which had 
the appearance of being somewhat weakened internally, was at 
the same time more intense at the surface, a variance which 
might, indeed, be more apparent than real, and which probably 
resulted from the greater bpaqueness it' biad acquired at that 
part; as although the glass had lost all transparency, the devi- 
trification was by no means perfect, having proceeded but a 
short distance below the surface. 

Glass Has been converted into Reaumur's porcelain during 
volcanic eruptions, by being enveloped in burning lava. Some 
specimens of this kind were obtained after the destruction of 
Torre del Greco, in 1794 ; but it it? somewhat remarkable, that 
this devitrifying effect has been by no means uniformly exhibit- 
ed under tlie same circuinstancos, ^ ince pieces of glass have 
l)()cn found, which, although coinplctfly embedded between two 
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opaque volcanic crusts, yet retain their transparency and vitre- 
ous qualities. The examination of these particnlar specimeiuj 
does not appear to have been carried sufficiently &r to deter- 
mine the fact ; but it is by no means unlikely that the varying 
effect here noticed may have been owing to some difierence in 
their original composition. 

The greater the number of suitable ingredients that are em- 
ployed in the composition of glass, the more easily and promptly 
does it become devitrified. This circumstance will sufficiently 
account for the fact of bottle-glass being the most suitable of 
\ny for conversion into Reaumur's porcelain. Having been 
compounded without much attention to the purity of its ingre- 
dients, this substance contains a great variety of earthy salts in 
minute quantities ; while plate glass, which is a much more 
simple body, and in the manu&cture of which the purified in- 
gredients are brought together in the precise proportions that 
are required exactly to saturate each other, can be devitrified 
only partially, and with great difficulty. 

On the other hand, in the same manner as a solution com- 
pounded of a great variety of saline bodies forms its crystalline 
deposits in a confiised manner, so is it also observed that the 
fewer the number of ingredients which are contained in devit- 
rified glass, the greater is the degree of regularity whereby its 
fibrous arrangement is atten4ed ; and for this reason plate glass, 
where the difficulty attending its devitrification has been over- 
come, furnishes, if not the most complete, yet certainly the 
most regular and beautifiil specimens of Reaumur's porcelain. 

It has been observed that glass, when devitrified, becomes a 
much more perfect conductor of heat and electricity than it was 
befj^re it "had changed its vitreous form. In fact, several pieces 
of glass, when converted into Reaumur's porcelain, could not 
be made to exhibit any sign of electricity by friction. This 
circumstance is rendered yet more remarkable by the fact, that 
glass which, having been once devitrified, has been made to 
resume its vitreous form by fusion, although it is thereby re- 
invested with its origBial density, fracture, and other charac- 
teristics, yet shows no ^eater dispositioii to become electric 
than it exhibited during its state of devitrification. 
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